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ULTRA-CLEAN INCUBATORS FOR M/I* BALL BEARINGS 
N/D'S NEW WHITE ROOM PROVIDES ULTRA-CLEAN ENVIRONMENT FOR M/I BALL BEARING ASSEMBLY 


“'/D announces a new White Room at Sandusky, Ohio incorporating the latest technological 
aavances available today. This new room provides a virtually dust-free atmosphere so neces- 
sary for the production of Miniature and Instrument Ball Bearings of high reliability. 
Environmental controls within the room hold temperature to plus or minus 1°... with maximum 
relative humidity only 40%. Final air filtration into room removes particles smaller than 3/10 
micron. A complete air change is made every three minutes. All authorized personnel enter- 
ing the room are thoroughly bathed by air showers in two successive deduster chambers. 
You can benefit from New Departure’s 25 years of experience in M/I ball bear- 


I? 
ing production by calling your nearby N/D Sales Engineer. Or write Department AD csarten tear aaemmanee 


L.S., New Departure, Division of General Motors Corporation, Bristol, Conn. M/I BALL BEARING CATALOG 
*Miniature and instrument Ball Bearings TODAY. WRITE DEPT. L.S. 


NE VW OE PARTURE 


MINIATURE AND INSTRUMENT BALL BEARINGS 


€ Circle 101 on Inquiry Card Circle 104 on Inquiry Card 1 





.LNSULATIONS 
START WITH TOP 
QUALITY MATERIALS 
EXCLUSIVELY! 


Why does INMANCO believe so strongly in using only nationally 
recognized brands of materials? 

The reason is simple. When you purchase an electrical insulating 
part, you buy two things—fabricating technique and material. No 
matter how professional the workmanship in the part, it is stil{ the 
material itself which must measure up to the mechanical and elec- 
trical specifications of the application. 

Consequently, all of the more than 1000 types and sizes of in- 
sulating materials used in INMANCO products are nationally 
recognized brands which have built a reputation for consistent 
quality. 

This quality, enhanced by INMANCO’s careful production 
techniques, is passed on to you in the form of fine electrical in- 
sulating products. Try them on your next job. 


BULK CONS 
SLOT INSULATION 


See Us at Booth No. 96, 
National Conference 
on the Application of 
Electrical Insulation 


INSULATION MANUFACTURERS CORPORATION 


565 West Washington Bivd., Chicago 6, Illinois 
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A HISTORIC 
TELEPHONE 
EXPERIMENT 
BEGINS IN AN 
ILLINOIS TOWN 


New technology brings the dream of an electronic central office 
to reality . . . foreshadows new kinds of telephone service. 


Today, the science of communications reaches dramatically into space, bounc- 
ing messages off satellites. But an equally exciting frontier lies closer to home. 
Bell Telephone Laboratories engineers have created a revolutionary new central 
office. At Morris, Illinois, an experimental model of it has been linked to the Bell 
System communications network and is being tried out in actual service with a 
small group of customers. 


This is a special electronic central office which does not depend on mechanical 
relays or electromagnets. A photographic plate is its permanent memory. Its ‘‘scratch 
pad,”’ or temporary memory, is a barrier grid storage tube. Gas-filled tubes make 
all connections. Transistor circuits provide the logic. 


The new central office is versatile, fast and compact. Because it can store and 
use enormous amounts of information, it makes possible new kinds of services 
that will be explored in Morris. For example, some day it may be feasible for you 
to ring other extensions in your home. . . to dial people you frequently call merely 
by dialing two digits . . . to have your calls transferred to a friend’s house where 
you are spending the evening . . . to have other numbers called in sequence when 
a particular phone is busy. 


The idea behind the new central office was understood 20 years ago, but first 
Bell Laboratories engineers had to create new technology and devices to bring it 


into being. A Bell Laboratories invention, the transistor, is indispensable to its 
economy and reliability. 


This new experiment in switching technology is another example of how Bell 
Telephone Laboratories works to improve your Bell communications services. 


BELL TELEPHONE LABORATORIES (@> 
nt 


World center of communications research and development 


Part of a memory plate of the new electronic central office is shown at right (enlarged 
8 times). Spots are coded instructions which guide the system in handling calls and 
keeping itself in top operating form. Over two million spots are required. Logic and 
memory are physically separated in the machine, so new functions can be easily 
added. The experiment is being conducted in co-operation with the Illinois Bell 
Telephone Company and the Western Electric Company 
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Electro-Technology 


Your Classification: 
Systems and Servos 


The Forum: Computing Machines in 
Control Systems 


Introduction to series of panel discussions planned between 
control engineers, system synthesists, contro] systems users, 
computing machine experts and the academic world. Purpose 
to clear road blocks to cemmunication between such interests 
Basic principles of use of computing machines in control sys 
tems are outlined, drawing on work of A. S. Robinson, Kolls 
man Instrument Corp 


Alice Mary Hilton, Associate Editor. Evec TRO-TECHNOLOCY 


1960 December p 94 8 pp 


Electro- Technology 


Science and Engineering Your Classification 


Chemistry 
Materials, Electrical Electronic 
Electrical insulation and Dielectrics 


* Electrical Insulation 
Deterioration 


The nature of thermally accelerated deterioration of electrical 
insulation (and other organic materials, such as plastics) is 
discussed from the viewpoint of the design engineer. Deteri 
oration processes are analyzed in terms of the chemical re 
action rate theory A knowledge of these processes and the un 
derlying theory is related to the practical ability of the en 
gineer to design equipment and systems with improved service 


performance 


T. W. Dakin, Research Labs., Westinghouse Electric Corp 
Pittsburgh, Pa 


1960 December p 123 8 pp 
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Materials, Electrical Electronic Your Classification 


Electrical Insulation and Dielectrics 
Design Considerations 
Materials Selection Factors 


* Electrical Insulation—1960 


A 50-page special research and application report comprising 
the following major articles: (1) a discussion of the sig 
nificance of the dynamic mechanical properties of plastics 
dielectrics; (2) a review of newer flexible and semi-rigid in 
sulating materials; (3) annual on-the-spot review of the 1960 
NAS-NRC Conference on Electrical Insulation. Other articles 
cover ultrathin dielectric films, capacitor dielectrics, inter 
national standards, European application practice, among 
other subjects. A 1959-1960 Bibliography is included. (See page 
148, “In This Section,” for details.) 


Alex. E. Javitz, Special Features Editor, Evectro-Tecuno.iocy 


Electro-Technology 1960 December p 147 50 pp 


in this issue 


Components, Electrical Electronic Your Classification 


Semiconductor Devices 
* Survey of Power Transistors 


Complete listings of currently available power transistors 1 ated 
for collector currents of 1 amp and over. Important character 
istics and appli ation notes are given for each type 


Staff Re port 


Electro-Technology 1960 December p 102 6 pp 


Drives Your Classification 
Electrical 

Control 
Systems 


A-C Drive Offers System 
Design Flexibility 


rating principles of the Westinghousé Rectiflow drive 
explained. Advantages over mechanical and electri 


’ 


es and over more claborate evstems are de ad 


inherent limitations o e dr 


N. Onjanow, Westinghouse Ele 
York 


Electro-Technology 1960 December p 131 7 pp 


Testing Your Classification 
Moterials 
Motors 


“Motorettes’”’ Speed Insulation 
Aging Evaluation Studies 


The now standardized procedures ior using motorette” sim 


ulation of motor insulation systems are described. Details of 


the use of elevated temperatures tor sccelerated tests and of 


insulation life equations” we given 


( B. Hackney and J. Engel Allie Chalmers Mig. Co., Mil 
waukee, Wis 


Electro-Technology 1960 December p 198 2 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Reprints available—see pages 214 and 218 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Materials, Mechanical Structural Your Classification: 


Non-Metallic 


Lubrication by Solids as a 
Design Parameter 


From the original equipment designers’ point of view, the most 
important uses of solid-layer lattice lubricants, such as molyb 
denum disulfide, are for wear-in purposes (where the dangers 
of galling and seizing are highest) and for the lifetime pre 
lubrication of parts during assembly. Three principal forms 
ire discussed—bonded coatings, paste concentrates, and dis 
persions. Typical applications to electrically operated products 
are cited 


A. Sonntag, Alpha-Molykote Corp., Stamford, Conn 


Electro-Technology 


Control Your Classification 
Case Histories 


Force-Reflecting Electrohydraulic 
Servomanipulator 


Basic servo systetas—-involving position, force and velocity feed 
backs—for a remotely controlled manipulator for assembling 
parts in radioactive areas Fundamentally, : bilateral feed 
back system combines error signals from both master and 
slave units. Unique electrohydraulic servo valve uses pressure 
feedback to achieve force reflection 


R. S. Mosher, General Electric Co. Schenectady, N. Y.. and 
B. Wendel, Rensselaer Polytechnic Institute, Troy, N. Y 


Electro-T echnology 
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Components, Electrical Electronic 
Magnetic Devices 


Your Classification 


Characteristic Curves of a 
Magnetic Switching Core 


As with other non-linear devices, characteristic curves are re 
quired for actual system application of square-loop magnetic 
cores. Methods of deriving the necessary curves for such cores 
are illustrated 


Roland Yii, Burroughs Corporation, Paoli, Pa. 


Electro-Technology 


DECEMBER 1960 


Components, Electrical / Electronic Your Classification: 


Semiconductor Devices 


Semiconductor Electronics 
3—Junction Transistors 


In this, part 3 of the series, the various characteristics and 
parameters of transistors are developed from basic energy- 
level diagrams. Equivalent circuits are defined and their use 
in the analysis of the transistor as a circuit element is de 
scribe d 


A. A. Sorensen, Space Technolegy Laboratories, Inc., Los 
Angeles, Calif. 


Electro-Technology 


1960 December p 116 7 pp 


Components, Electrical ‘Electronic 
Magnetic Components 

Instruments and Test Equipment 
Design 


Your Classification: 


*  tron-Core Devices: Evaluation of 
Complex Impedances 


Since iron-core inductances exhibit parameters that are not 
constant but are functions of circuit conditions, their actual 
behavior must be determined by test. Test methods, circuits, 
and data extrapolation methods are presented. 


Gene J. Hegedus, Ryan Electronics, Torrance, Calif 


Electro-Tech nology 


1960 December p 142 5 pp 


COMING UP... 


The January 196] issue of Erecrro-Tecunoiocy will offer, as 
the Science & Engineering Series article (No. 25), Network 
Synthesis, by Louis Weinberg, author of the January 1960 
article on Network Analysis. Also in this next issue: Electronic 
Components Reliability in Great Britain, Thermoelectric 
Refrigeration Systems, Empirical Transformer Design, 
Bessel and Gamma Functions, Properties of Electrical 
Tapes, Magnetic Materials in Extreme Environments, 
Equipment and Information Reliability in Communica- 


tions, and Part 4 of the Semiconductor Electronics Series 


—Transistor Network Analysis. 
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AGLAS 


A NEW CLASS B INSULATION 
HAS RESILIENT WEAVE AND 

HIGH DIELECTRIC STRENGTH 
UNDER STRETCH 


Natwar T eraglas isa new flexible insulating material com 
prising a hase labric woven trom polvester (polve thal ne 
terephthalate. or “Dacron” ) warp varns and continuous 
filament glass filler varns. coated w ith an improved varnish 
possessing exc eptional dielectric strength under elongation. 


It will withstand Class B (150°C) operating temperatures, 


In view of the higher dielectric strength of Natvar 
Teraglas compared to bias varnished cambric thinner 
sections or fewer lavers may be used to provide the volt 
age breakdown protection desired Consequently alt com 
parable tape prices, a signilicant saving may be realized 
in produc tion costs, while permitting up grading to Class 
B (130°C) temperatures 


Natvar Teraglas is available in .008”, .010”. .012” and 
015” thicknesses—in tapes, in full width rolls (56"), or 
in sheets. Ask for Data Sheet and Samples. 


Physical Properties: 008” 010” .012” .018” § Electrical Properties: 008” 010” 012” 019” 
Approx. weight Elec. Breakdown Strength 
ibs./sq. yd. 043 054 0.62 0.77 (C48-23-50 V/M) 
Breaking Strength Warp 45 45 45 45 

ibs./in. width Filler 100 100 100 100 @lunderea amen ee 


Tear Strength, Warp 1000+ 1000+ 1000+ 1000+ 
grams Filler 1000+ 1000+ 1000+ 1000+ me oeapess Syenge 
Elongation, % (Under 12% stretch) 


(Under 25 ibs./in. width Power Factor, %, at 80° 
—3 minutes) 9.5 75 75 70 8 C-S50V/M-60c.p.s5 22 25 25 3.0 


1600 1600 1600 1600 


1600 1600 1600 1500 


1500 1450 1450 1300 


LOAD-ELONGATION CHARACTERISTICS FOR NATVAR BLACK TERAGLAS 
= 
m & O10" Black Teragiss Tape | 


| 

| 8. O10" Stack Varershed Bias Cotter Tape a 
| ©. O10" Stack Varashed Straght Cotter Tape 6 
j | ye 
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Black Teragies 
Siac Varevned Bian Cotter Tape 
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ELONGATION PERCENT 


Lead—Pounds Per inch Wieth (At One Inch Per Meute Flengator Rate 


PERCENT OF UNSTRESSED DIELECTRIC BREAKDOW 


Percent Flongat.on 


BNATVAR <orroren 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATI 
Telephone Twx Cable Address 
FULTON 8-8800 RAHWAY, N.J., RAH 1134 NATVAR: RAHWAY, 


207 RANDOLPH AVENUE © WOODBRIDGE, NEW J 
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Natvar Products 


© Varnished combric—sheet and tape 
Varnished canves ond duck—sheet 
and tape 
Varnished silk ond special rayon— 
sheet and tape 
Varnished popers—rope and kraft— 
sheet ond tape 
Varnished, silicone varnished and 
silicone rubber coated Fibergias* — 
sheet and tope 
Slot cell combinations, Aboglas 
Teraglos* 
Isogios” sheet and tape 
Isolastane”™ sheet, tape, tubing ond 
sleeving 
Vinyl coated and silicone rubber 
coated Fibergias tubing and sleeving 
Extruded viny! tubing and tape 

© Styrofiex” flexible polystyrene tape 
Extruded identification markers 


We will be very happy to supply information 
on any of ovr products on request 
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RESEARCH Horizons 


Edited by A ex E. Javerz, Special Features Editor 


Color Vision Problems 
In Systems Design 


\ close community of interest between 
design engineers, color scientists and 
psychologists is implicit in the annual 
report filed with the Inter-Society Color 
Council by the delegates representing 
the American Psychological Associa- 
tion. This report reviews the wide 
variety of color vision problems (ap- 
plied and theoretical) that now engages 
those working in both sensory and 
perceptual areas. A significant number 
of the research studies now under way, 
or recently completed, is related to de- 
sign and operation of systems where 
color vision is an essential parameter 
of human-factors engineering. 

e Human Factors Department, IBM. 
Studies of legibility of SAGE displays, 
including colored illumination among 
the major variables. 

e Minneapolis-Honeywell Regulator 
Company. Studies of color mixture and 
luminosity functions and their inter- 
relations, color-brightness space, and 
temporal aspects of color sensation. 

e Applied Physics Laboratory, Johns 
Hopkins University. Four different in- 
vestigations concerned with various 
factors related to absolute color identi- 
hieation. 

e Color Technology Laboratory, 
Eastman Kodak Company. Study of 
color constancy and experimental ob 
servations on the perceived attributes 
of surface colors. 

e Vision Branch, U.S. Naval Medical 
Research Laboratory 


im lude 


Color problems 
defractive error and indivi 
dual differences in color vision, refrac- 
tive error and the red-green ratio, color 
discrimination, red-green cancellation 
at various distances from fixation, 
sensitivity of a dichromat, 
spatial color induction, the effect of red 
and white preadaptation on scotopic 


acuity, and color zones. 


spectral 


Selected Royalty-Free 
AEC Patents Summarized 


With the current release of 57 addition- 
al items, the total of Atomic Energy 
Commission patents made available to 
industry on a non-exclusive, royalty- 
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free basis has risen to 2438. Details of 
several recently released patents follow: 


e Sampling Oscilloscope (U.S. 2,- 


951,181). Developed for displaying 
transient waveforms having 
random time and amplitude distribu- 
tions, this oscilloscope is a sampling 
device which selects for display a por- 
tion of those waveforms that have a 
range of amplitudes. A 
pulse-height analyzer is provided to 
screen the pulses. A variable voltage- 
level shifter together with a time-scale, 
ramp-voltage generator take the pulse 
height relative to the start of the wave- 
form. The variable voltage shifter pro- 
duces a voltage level raised one step 
for each sequential signal waveform to 
be sampled. This results in an un- 
smeared record of input-signal wave- 
forms. Appropriate delay devices per- 
mit each sample waveform to pass its 
peak amplitude before the circuit se- 
lects it for display. 


signal 


particular 


e Magnetic Grid (U. S. 2,947,902). 
Magnetic forces are used for control- 
ling the passage of charged particles. 
The grid is particularly applicable to 
use in gas-filled tubes such as ignitrons 
and thyratrons, since the magnetic grid 
action is impartial to the polarity of the 
charged Accordingly, the 
sheath effects encountered with electro- 
static grids are not present. The grid 
comprises a conductor having sections 
spaced apart and extending in substan- 
tially opposite directions in the same 
plane. The ends of the conductor are 
idapted for connection to a current 


source, 


particles. 


e Dual-Ridge Antenna (U. S. 2,944,- 
258). In a miniature radar transmitting 
and receiving antenna, the ground 
plane supports a pair of adjacent 
ridges with inwardly-disposed curved 
surfaces spaced apart. These surfaces 
face each other with edge portions 
spaced from the ground plane. An ex- 
citer conductor connects the ridges ad- 
jacent to their location of closest spac- 
ing. A second conductor (to give 
broader radiation and proper imped- 
ance) connects the ridges adjacent to 
their location of widest spacing. 


e Mass Spectrometer (2,950,388). 
One adjustable magnetic field is em- 
ployed for resolving an ion beam into 
beams of selected masses. The second 
adjustable magnetic field is used for 
further resolving the ion beam from the 
first field into beams of selected masses. 
A thin foil is disposed in the path of 
the beam between the first and second 
magnets to dissociate molecular ions 
incident thereon. An electrostatic field 
is used to further resolve the ion beam 
from the second field into beams of 
selected masses. A detector is disposed 
adjacent to the electrostatic field to 
receive the ion beam. 


Micro-Notes .. . 


Fabrication economies and performance 
improvements are claimed by Tokyo 
Shibaura Electric Company as a result 
of a new manufacturing technique per- 
mitting the direct soldering of silver 
and copper electrodes to silicon recti- 
fier elements. Buffer materials such as 
molybdenum or tungsten are no longer 
needed, according to the Japanese 
manufacturers. A series of air- 
drying flame- and heat-resistant protec- 
tive coatings for plastics sheets, tubes 
and molded parts announced by Con- 
tinental-Diamond Fibre Corporation can 
be applied by ordinary or spray tech- 
niques at room temperatures. Among 
indicated protective applications are 
umbilical cables, electronic components 
and other elements in missiles. . 
Still in the laboratory stage is a sili- 
con carbide transistor capable of oper- 
ating above 650 F, according to scien- 
tists at the Westinghouse Research 
Laboratories. . .. IBM reports a “great- 
ly improved” developmental-type tun- 
nel diode able to switch at speeds 
faster than 0.4 of a billionth of a sec- 
ond. 


THIS MONTH'S RESEARCH NOTES: 
Nuclear Radiation Variables and 

Effects . : eatin. ee 
The Magnetohydrodynamic 


Gyroscope a 


Current R & D Programs in Elec- 
trical Insulation and Dielectric 
Materials 





Research Note 


Nuclear Radiction Variables and Effects 


THE VARIABLES that have to be considered 
in assessing the effects of radiation on plas- 
tics materials are: the type of radiation 
source, the conditions of exposure (dose 
rate, time, temperature, atmosphere ) and 
the physical properties of interest. 

Different sources produce different types 
of radiation. Nuclear reactors liberate fast, 
intermediate (epithermal), and slow (ther- 
mal) neutrons, fission products, beta rays 
and gamma rays. Van de Graaff generators, 
synchrotrons and other particle accelerators 
emit beams of all sorts of particles except 
neutrons. Radiation from cobalt 60 and 
from spent fuel sources immersed in water 
is nearly pure gamma rays. 


Penetration and Absorption 


Radiations differ widely in their pene 
trating power. While a 1-mev alpha particle 
will penetrate only 0.0002 in. of air, the 
intensity of 1 mev gamma rays is only 
halved in passing through 4 in. 
Gamma _ absorption 


of water 
increases uniformly 
from light to heavy elements. Therefore, 
lead is effective as a shield for gamma rays 
and X-rays. 

However, neutrons, being neutral, do not 
interact electrically with the absorbing 
material. Their energy is dissipated by 
actual collision with atomic nuclei. Because 
lead nuclei are so much heavier, neutrons 
merely bounce off and little energy is lost 
Water or plastics, which contain hydrogen, 
are particularly effective fast-neutron ab 
sorbers because of the equal mass of 
hydrogen nuclei and neutrons. One or two 
feet of polyethylene will absorb fast neu 
trons as well as several feet of concrete. 

High-energy gamma rays and neutrons 
are extremely penetrating. They experience 
little Joss in intensity in passing through 
an inch or so of common insulating mate- 
rials. Hence, increasing the thickness of 
insulation is not likely to be an effective 
means of shielding the device inside the 
coating from these rays. 

Since neutrons and gamma rays pene 
trate so deeply, a rather low rate of ab 
sorption is indicated. Only the part of the 
radiation which is absorbed can produce 
an effect. Materials vary widely in absorp 
tion of a given type of radiation, and the 
absorption varies among the different types 
of radiation and with radiation intensity. 

Metals, inorganic materials, and organi 
materials all behave differently. The effects 
on metals and inorganic materials can 
depend on both type and amount of radia 
tion. But for organic materials the changes 
are essentially the same for all types of 
radiation; the amount of radiation, there 
fore, is the only important factor. 


Mechanism of Radiation Damage 


Radiation produces damage in organic 
materials by inducing ionization. The ab 
sorption of a given radiation (and, there- 
fore, the amount of ionization) is roughly 
the same for a wide variety of organic 
insulations. The markedly different effects 
produced are due, therefore, not to differ- 
ent levels of absorption, but to the type of 
molecular change produced. 
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The two competing molecular effects are 
crosslinking and scission (cutting of poly 
mer chains). Crosslinking builds up the 
structure, initially 
tensile rubbery or plastic 
hard, ultimately brittle 
breaks down the molecular 


molecular increasing 


materials into 
solids. Scission 
size, reduces 
tensile strength, and usually damages other 
properties. In most materials, crosslinking 
predominates and the materials stiffen and 
become brittle. 

{norganic materials are several orders of 
magnitude better than the best organi 
Limited effects of test dosages 
(10 rads or 


materials, 


more) have been noted 
Conductivity may change, but this effect is 
recoverable after removal from radiation 

Radiation effects are summarized in the 
table In 


produc e 


accompanying higher 


rapid 
Increased dosages beyond those 


general, 


temperatures much more 


‘ hange ~ 


listed produce rapidly worsening effects 


Effects on Resins 


Epoxy resins are outstanding among the 


plastics resistant to radiation. Rigid com 
irradiated to 1000 


megarads without evidence of deterioration 


positions have been 
Ureas, melamines and phenolics begin to 
weaken and embrittle 50 and 100 
Unfilled polyesters lose tensil 
and impact strength beyond 5 or 10 mega 
rads. 


between 
megarads 


Fillers improve resistance and some 
polyesters may be functional beyond 100 
megarads, 

Generally, the highly heat-resistant resin 
systems better 
rypical of these 


silicone laminates 


have radiation 


resistance 
glass « loth 


ind mineral-filled phe 


materials are 
nolics 


Effects on Tapes 


Vinyls and vinyl produce HCl 
under irradiation, soften and then stiffen 


tapes 


Tensile properties and elongation are con 
siderably reduced at 50 megarads. Expo 
sure up to 100 megaroentgens has been 
found to increase the short-time breakdown 
voltage. 

The same type of effect is true in poly 
Polyester 
tapes begin to embrittle at 100 megarads, 
but dielectric 
factor are 


ester and cellulose acetate tapes 
constant and dissipation 
slightly affected up to 
Electric strength follows 
mechanical properties and decreases above 
100 megarads. The slower the dose rate, 
the worse is the effect for a given total 


only 
1000 megar ads. 


dose. 

Cellulose acetate tape weakens rapidly 
above 15 megarads, but at 100 megarads 
there is practically no effect on electric 
strength. Irradiation to 100 megarads has 
little effect on average electric strength of 
polyethylene tape, but widens the range of 


values and hence the 


incidence of low 
hgures. 

At 20 megarads, 
lose tack and stiffen 
crease in adhesive 


adhesives will 
badly, but will in- 
strength if they have 
already been applied to a surface. Where 
they have been already applied and not 
required to flex, stiffened adhesives may 
function to 100 megarads. 


most 


Radiation Effects on Common 
Insulating Materials 


Dose, 
meg 
Material arads 
Inorganic 
Mica, ceram 
ics, glass 


Plastics 
Best epoxies 1000 


Rigid epoxies 500 


Phenolics, 1000 
mineral 
Phenolics, 10 
urca 
Melamine, 50-100 
general pur 
pose 
Isocyanates No 
data 
Silicones 
Rubber 
Fluids 
Glass lamin 1000 
ates 
Mica-glass 9000 
laminates 
Natural rub 
ber 
Butyl and Kel 


F 


Polystyrene 


Methy! meth- 


acrylate 


Polyethylene 


Polyester film 


1000 
Cellulose 20 


acetate 


Nylon 


1000 


Teflon fluoro 3 
carbon 


Effects 


Little effect ex 
cept 
temporarily 


resistivity 


changed 


No deterioration 

May crack, weak 
en, become more 
brittle 


Little effect 


Little effect 
25 per cent or 
more loss in 
strength 


Lose clasticity 

Thicken and gel 

Little or no 
effect 

Virtually 
unaffected 


25 per cent loss 
of properties 

Beginning to 
deteriorate 
Mechanicals 
okay, resistivity 
decreases. 


Serious deterior 
ation. 


75 per cent re 
duction in clon 
gation, at least 
lg reduction in 


tensile 
Threshhold me 
chanical dam- 
age 

33 per cent loss 
in tensile and 
clongation 


Weak and brittle. 


25 per cent loss 
in mechanical 
properties, elec- 
tricals okay. 

10 to 50 per cent 
loss in tensile 
and clongation. 
HC! evolved. 

Rapid loss in 
elongation. 

Tensile still high. 


40 per cent loss 
in tensile. 
Crumbles at 
higher exposure 
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A mica-glass-silicone structure showed 
continuously increasing dielectric strength 
beyond 2.5 & 10* megaroentgens. 

Non-polar materials generally have 
higher conductivity under radiation than 
those of a polar character. A case in point 
is polyethylene, which shows a_ ten-fold 
increase in conduc tivity under low r idia 
tion which produces no change in PVC 


Conclusions 


For exposures to 100 megarads, most 


Research Note 


Tue Use OF THE WoRD “gyroscope” to 
describe this device deserves some com 
ment for the benefit of those acquainted 
with conventional forms of gyroscopes. The 
apparatus described here measures Coriolis 
forces using magnetohydrodynamic meth 
ods. The analysis of its operation must be 
spproached through principles which are 
different from those applic able to the 
COMMON £Y TOSCO pe 

Represented in Fig. 1 is a cylinder con 
centrically located inside a sleeve Both 
evlinder and sleeve are made from a high 
permeability magnetic material. The «pace 
between them forms an annulus which iv 
filled with mercury and closed at the ends 
with copper rings. These rings conduct 
current passing through the mercury and 
ure the counterparts of the shorting rings 
in a squirrel-cage induction motor. Each 
ring has a small pressure port at the point 
where it intersects the upper half of the 
yz plane 

Not indicated in the figure, but actually 
present, are longitudinal slots spaced 
sound the outer circumference of the 
cylinder. These slots contain copper wires 
wound in a manner standard for stator 
windings of a three-phase induction motor 
Three-phase currents in these stator wind 
ings cause a rotating magnetic field to be 
directed radially across the annulus. The 
held induces eddy currents in the mercury 
Interaction between the eddy currents and 
causes the 


the rotating magnetic field 


mereury to be driven in the annular path 
When the 


ibout any axis other than the fluid spin 


device ¢ xperiences rotation 
xis, a Coriolis force acts on the spinning 
fluid, creating a pressure gradient along 
the spin axis, Thus a pressure differential, 
p, is developed between the pressure ports 
it opposite ends of the fluid annulus which 
is given by the vector equation 


p = 2pLk (Q * @ X r)) (1) 


mercury density 
the angular velocity of mercury 
the mean radius of the annulus 
angular velocity of the device 
(here shown to be completely 
around the y axis), 
L length 
° ° ° 
In addition 0 & 1 q. linear velocity 
where it passes the pressure ports, 
Because the linear velocity vector re 
verses direction each 180 deg, this same 
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epoxy resins will probably perform satis 
factorily. The best film tape appears to be 
polyester, which still retains good electrical 
Glass-cloth  silicone-adhesive 
tapes should be functional, as applied, up 
to 100 megarads and possibly beyond. Sili- 
cone-rubber tapes may be functional for 


properties. 


applications not requiring flexing. Teflon 
fluorocarbon is to be avoided. 

The number of materials maintaining 
satisfactory properties to 1000 megarads is 
more limited. Unfilled plastics films deteri- 


The Magnetohydrodynamic Gyroscope 


pressure differential is developed between 
two points at one end of the annulus 
separated by that amount. Therefore, an 
alternate location for the pressure ports 
is at the same end of the annulus, one 
in the upper half and one in the lower 
half of the y,z plane. For the case depicted 
in Fig. 1, where the orientation is such 
that all vectors are normal to each other, 
Eq (1) reduces to the scalar equation 


p 2pLQq (2) 


A unique advantage of this type of gyro 
scope is that rotation about either of two 
mutually perpendicular axes can be sensed 
by a single unit. This is accomplished by 
having second pair of pressure ports dis- 
placed 90 deg from the pair previously 
mentioned 

Conversion of the pressure signal to an 
electrical output signal can be accom- 
plished using transducers such as the fol- 
lowing (see Fig. 2): 


1. Mercury cut-off switch, in which the 
tip of a metallic contact placed in mer- 
cury is either covered or uncovered by 
an insulating diaphragm actuated by the 
differential pressure, thereby opening or 
closing an electrical circuit 


2. Differential transformer, in which the 
differential pressure acting on a diaphragm 
or piston causes linear motion of a mag- 
standard differential 


netic core within 


transformer windings 


The first of these allows operation of the 
device as a rate switch which will actuate 
it some predetermined rate of turn. With 
a differential-transformer type of trans- 
ducer, the device operates as a rate gyro, 
giving a continuous output signal with 
amplitude and phase proportional to rate 
and direction of turn, respectively. 

In both transducers, the mercury in the 
annulus and in the transducer forms a 
closed fluid loop interrupted only by the 
diaphragm or piston. These moving ele- 
ments are inertia compensated—i.e., the 
average density of the materials used in 
their construction is equal to the density 
of the mercury. The transducer is thus 
rendered insensitive to inertia forces. 

Results from the development test pro- 
gram demonstrate the practicality of a 
gyroscopic instrument based on the prin- 
ciples of the theory. The obvious advan- 
tages which this device has over the con- 


ventional gyro are: 
1. Construction is greatly simplified 


since no bearings are required. 


orate hopelessly. Highly heat-resistant ep- 
oxy resins (especially with fillers) are still 
only slightly affected. Mica-glass-silicone 
constructions are still satisfactory. At 
radiation exposures over 1000 megarads, 
few organics, except the highest heat-re- 
sistant special types, are still functional. 

aa 7. McDonneELL 

Electric Products Laboratory 

MINNESOTA MINING AND 

MANUFACTURING COMPANY 
St. Paul, Minnesota 
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2— Block diagram of rotating fluid 
section and transducer. 


2. The rugged construction makes it 
well-suited for operation under extreme 
conditions of shock and vibration. 
accomplished about 
either of two mutually perpendicular axes 
with a single unit. 

With input powers of less than five 
watts, the sensitivity is one degree per 
second when operated in the form of the 
simple rate switch previously described. 
Greater sensitivities result from the use 
of a higher input power in a larger de- 
vice, in cases where space, weight, and 
power are not limiting factors. The damp- 
ing and the natural frequency are adjust- 
able within limits. 

The development of the magnetohydro- 
dynamic gyroscope was undertaken by the 
Speidel Corporation on the basis of pro- 
posals by Dr. P. F. Maeder of Brown 
University. 


3. Sensing can be 


RICHARD V. MONOPOLI 
Spemet Corp. 
Providence, R. IL. 





Research Note 


Current R & D Programs in Electrical Insulation and Dielectric Materials 


RESEARCH AND DEVELOPMENT programs under the spon- 
sorship of the Army, Navy and Air Force obviously 
reflect both current needs and longer-range performance 
requirements for a wide range of materials and com- 
ponents. In the field of electronic materials, there is a 
particularly heavy emphasis on electrical insulation and 
dielectric materials. The capsule summaries given here 
relate to Defense Department-sponsored R & D programs 
that at present are either active or have been very 


Ceramic Dielectric Bodies, Studies, and 
Formulations. To develop ceramic bodies 
with specific properties, the ultimate aim 
being development of insulating ceramics 
with ultra-low dielectric losses, high dielec- 
tric strength, high thermal shock and im- 
pact resistance, low firing shrinkage, and 
void-free structure. 


Dielectrics for Satellites and Space 
Vehicles. To determine the effects of simu- 
lated or actual high-altitude and outer 
space environments on the electrical and 
physical properties of representative printed 
circuits, plastics and ceramic materials of 
various types. Items to be studied includ 
multiple-laminate polyester-fiber glass ra 
dome material; polyethylene; copper-clad 
epoxy laminate printed-circuit boards; alu 
minum oxide radome material. 


Degradation of High-K Ceramic Dielec- 
tries. To determine chemical and physical 
factors in degradation of dielectric mate- 
rials under prolonged high-temperature 
and voltage stress, and to develop ceramir 
dielectric materials suitable for use in 
capacitors. 


Study of Effects and Control of Surface 
Contaminants on Dielectric Materials. 
To evaluate the effects of industrial and 
environmental surface contaminants on the 
performance of dielectric materials, and to 
develop preventive procedures to eliminate 
degradation of the dielectric. 


Properties of Materials at Microwave 
Frequencies. Study of the dielectric and 
magnetic properties of materials at micro 
wave frequencies. Includes paramagnetic 
resonance studies. 


Dielectric Materials. To provide dielec- 
tric materials for the development of im- 
proved electronic, electromechanical and 
optical components. Includes research on 
the techniques of processing selected high 
dielectric and ferroelectric materials into 
forms suitable for investigation and subse- 
quent improvement of these materials for 
use as high- and low-temperature measur- 
ing devices, capacitors for dielectric am- 
plifiers, storage elements and transducers. 


Degradation Studies on Condensation 
Polymers. To conduct studies of the mech- 
anisms involved in the degradation of each 
of the major categories of high polymers 
by each of the causative agents. Study 
concerned primarily with silicones, poly- 
siloxanes and polyurethane polyesters. 
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design needs. 


Syntheses of Block and Graft Copoly- 
mers. To develop new copolymers possess- 
ing unique combinations of properties of 
the constituents by techniques of block and 
graft polymerizations. Shear and radiation 
activation are included. 


Solid-State Physics Study of Thin Films 
by Pyrolytic Methods. To conduct research 
on the deposition of metal, dielectric and 
insulating films by pyrolytic methods. Study 
of the structure of these films and plates, 
the nature of molecular deposition of 
multiple layers, the degree of adhesion to 
substrate and the physical and electrical 
properties will be accomplished through 
application of solid-state theory 


Inorganic Polymers. Development of in- 
organic polymers having operating temper 
atures in the range 260 to 538 C, excellent 
dielectric and operating properties, and 
high structural strength for use in elec 
tronic components 


Boron Chemistry. Synthesis and investi 
gation of borine derivatives and polymers 
which may be formed from them. Typical 
compounds are the aminoborines, phos 
phinoborines, stibinoborines, also deriva 
tives of pentaborane which contain boron 
boron bonds 


Polymeric, inorganic, and Organo- 
Metallic Compounds. Theoretical and ex- 
perimental investigation of siloxanes, and 
the nitrogen, phosphorus, and germanium 
analogs of the siloxane chain. Unusual 
types of bonding are to be investigated, as 
well as new polymers having nitrogen, 
phosphorus, silicon, and germanium as the 
chain-forming atoms. 


Synthesis of New Organic Compounds. 
Synthesis and investigation of compounds 
containing unusual bonds, such as phos- 
phorus-phosphorus, arsenic-arsenic, tin-tin, 
and mixed combinations of these elements 


Some of these may be polymer formers. 


Dielectric and Semiconducting Solids. 
Study of the nature of defects in dielectric 
and semiconducting solids to determine the 
role they play in conduction processes. Cur 
rent work is on color centers in alkali 
halide crystals. 


Polymers (Inorganic). Synthesis, devel- 
opment, and evaluation of polymers based 
on chains of the lighter elements boron, 
phosphorus, silicon. Objective is to obtain 
polymers useful for electrical and general 
requirements up to 371 C. 


recently completed. These programs have been projected 
in direct support of the overall equipment and systems 


The source of the summaries published here is the 
Advisory Group on Electronic Parts (AGEP), Office 
of the Director, Defense Research and Engineering, De- 
partment of Defense. Further information may be re- 
quested on a “need to know” 
Secretariat, University of Pennsylvania, Philadelphia, Pa. 


basis from the AGEP 


Gless Lominates. To develop a new 
glass laminate for use as a dielectric, in 
sulating or structural material to replace 
ceramics, glass and Super-Mycalex where 
high strength is needed 


Polyarylenesiloxanes. Preparation and 
evaluation of new types of silicon-contain 
ing polymers with structures such that they 
can be cross-linked or chain-extended in 
the curing process to form thermosetting 
materials for various dielectric applications 
that are stable above 260 C 


Epoxy Resin Synthesis. Synthesis of new 
types of epoxy polymers which are not 
commercially available or which have not 
ilready been investigated. Structure of the 
polymers shall be such that they can be 
cross-linked or chain-extended in the cur 
ing process to form a thermosetting mate 
rial for laminating resins for radome con 
struction or electrical potting compounds 
that are more thermally stable than those 
now commercially available 


Semiorganic Dielectrics. Preparation of 
copolymers of arylboronic acids and py 
ridylsilandiols and comparison of their 
physical and electrical properties at tem 
peratures up to 500 C with copolymers 
prepared from arylboronic acids and 
phenylsilandiols in order to determine the 
effectiveness of boron-nitrogen interchain 
bonding in increasing thermal stability and 
the relationship between interchain bond 


ing and dielectric behavior. 


High-Temperature Electrical insulation 
(Crystalline) for Wires. Development of an 
electrical insulating coating for a wire 
operating in the temperature range 65 
to 816 C, maintaining sufficient flexibility 
for practical usability. Emphasis of work 
on a crystalline-type coating. Dielectric 
strength, loss tangent, dielectric constant. 
impact strength, thermal shock resistance 
and room-temperature flexibility are of pri 
mary concern 


High-Temperature Electrical Insulation 
(Vitreous) for Wires. Development of an 
electrical insulating coating for a wire 
operating in the temperature range —65 
to 816 C, maintaining sufficient flexibility 
for practical usability. Emphasis of work 
on a vitreous-type Dielectric 
strength, loss tangent, dielectric constant, 
impact strength, thermal shock resistance 


coating. 


and room-temperature flexibility are of pri 
mary concern, 
(More next month) 
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NO STARTING PROBLEMS 


with 


WAGNER CAPACITOR-START MOTORS 


Pack more power into less space...give long 
Quick Break Switch troublefree service...are easy to hook up 


The stortin winding is disconnected . . . 

from the lire by this Wagner designed Here are general purpose single-phase motors that have high starting torque and 

switch test proved to moke more thon - hie > » — att ‘ ‘on i; , 

@ million breaks. (That adds up to two high pull-in torque. When used in the proper application and supplied with voltage 

starts per hour for 50 years!) close to their rating, they'll give positive starts every time. Troublefree operation 
is assured .. . thanks to the positive action of the Wagner governor mechanism 


and long life quick-break switch. 


Wagner Type RK Motors pack more power into less space. Small enough to fit 
in tight spots, their eanaiiiae is built-in... permits dooct mounting. They are 
available in a range from % through 5 horsepower, with sleeve or ball bearings, 
and with rigid bases or resilient mountings. And, sleeve bearing fhp models can 
be operated in any position. 


Get these motors from leading distributors in your city, or from Wagner Sales 
Offices in 32 cities across the country. Your Wagner Sales Engineer will be glad 
to help you select the right motor for your application. Wagner Bulletin MU-217 
gives ull details on Capacitor-Start Motors. 


Quick Connect Terminals : 
SS SS ee ee ae Waaner Electric Corporation 


wiring time fo speed amembly line pro 6454 Piymoutn Avenue, St. Louis 33, Missouri 


duction. Simply press the leod receptocie 


aon to the stud——o positive conection 
* onured 


All-Angle Operation 


The sleeve beoring design, in froctional 
hp rotings, hes @ positive lvbricotion 
system thot permits operction in ony 
position Con meon importont sovings 
in motor costs to monvilacturers 


RIGID BASE 
foetal dee 


RESILIENT- MOUNT 
ae 6130 ee ee 
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From Monsanto FluiDesign Service... 


Monsanto can supply you with a 
series of dielectric liquids that offer 
the optimum combination of proper- 
ties for liquid cooling and insulation. 
Many of the fluids described below 
are now used commercially in capac- 
itors, transformers, “miniaturized” 
electronic packages, cables, ampli- 
fiers, solenoids, thermostats, com- 
puters, and circuit breakers. 


Examples: 
A. In electrical equipment such as 


transformers, Monsanto's askarel- 
type fluids offer a series of fire- 
resistant dielectrics. These fluids 


make a firesafe liquid-fill insulation 
for equipment that then may be 
located in operating areas without 


special precaution or costly shielding 


B. As impregnants for premium- 
quality capacitors, high dielectric 
Monsanto fluids permit a substantial 
decrease in capacitor size—about 50- 
60% —compared to oil-impregnated 


, ‘ : Coolanol® Coolanol Aroclor® 
Dielectric Fluids 35 1221 


Properties 
Dielectric Strength, 
25°C, 60 cps, 0.1... 


Dielectric Constant, 
25°C, 1000 eps .... 2.46 seu 2.2 
(10*cps) (10*cps) 


Volume Resistivity, 
ohm-cm, 25°C eerie 9x1010 


Power Factor, % 

1000 cps, 25°C ele 0.4 

(10®cps) (10*cps) 

Viscosity, CS 

—65°F 

100°F 

210°F 
Pour Point, °F . 


Boiling Point, °F 


Fire Point, °F 
Cleveland Open Cup . 


Thermal Conductivity 
Btu /hr/ft/ft? /OF 


Specific Gravity 
a ' } 1.18 


Coefficient Thermal 


Expansion, per°F ... . 0.00046 0.00047 0.00048 0.00039 0.00040 
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capacitors. Because their dielectric 
constants are closer to those from 
the capacitor paper itself, they help 
achieve a more evenly distributed 
dielectric stress than is possible with 
mineral oil. 


C. Monsanto’s coolant-dielectrics 
dissipate heat and operate liquid- 
cooled power packs, magnetrons, 
traveling wave tubes, klystrons with 
precise temperature control. Liquid 
cooling with these dielectrics permits 
miniaturization of electronic com- 
ponents, conserves size and weight. 
These special synthetic fluids are 


also lubricants, and the single fluid 
can double as the hydraulic-fluid 


Aroclor Aroclor 
1242 1248 


»5x1012 


>640 
0.057 
1.45 
0.00038 0.00039 
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activator for tuning mechanisms as 
well as the coolant for the elec- 
tronic unit. 


This schematic circuit (at left) shows 
how Coolanol 45 liquid cools a 
klystron. Pumped around the collec- 
tor, Coolanol 45 absorbs surface heat 
from the tube wall and carries it 
away for dissipation in the heat 
exchanger. 


Check the fluids shown for applica- 
tion in equipment you are using or 
developing. Monsanto can supply 
you with a dielectric fluid for vir- 
tually any electrical or electronic 
application, can be most helpful in 
guiding you in the early design 
stages of equipment that will require 
a liquid dielectric. 


Simply write on your company 
A sample of the fluids shown will be _ letterhead. 


sent to you for evaluation on request. 
Please specify the particular fluid 
that interests you and state the 
nature of the application so that 
pertinent details can be sent you. 
For further information on available 
fluids, request a copy of FluiDesign 
Service’s FLUID DATA FILE. 


Aroclor Aroclor . 


5.0 2.9 


>5x10" >1x10 


<0.1 <0. <0.1 


0.98 
50 156 


689 491 


662 255 


0.054 0.076 


1.54 0.984 


0.00037 0.00037 0.00050 
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Santowax® R 


2.65 2.58 


>5x1018 >1x1018 
<0.1 

3 

—13 

683 

385 

0.072 

1.002 


0.00041 0.00052 





now stocked in 
Att) Sa) 1 
CC Sm Te Cm Pay 
rolls up to 38” wide 


cra 
ERIE 


TISSUGLAS 


® AMF T.M. *DuPont T.M. 


to improve: 


BONDED STRAIN GAUGES 
MINIATURIZATION 
INTERLAYER DIELECTRIC 
2634) -)0 et bea me 
ELECTROLUMINESCENCE 
HIGH TEMPERATURE USE 


Srl ele 


TEFLON* IN 


GLASS PAPERS 
UL Leas 


Mans ae 


ate eae ea 
SR a eS ee 
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Pius or Minus 


“White Rooms” for Bearing 
Assembly Getting Cleaner 


Ultra-clean “white rooms” are not un 
familiar to makers of semiconductor 
devices nor to manufacturers of 
instrument ball bearings. New Depar- 
ture constructed the first white room 
in the bearing industry in 1940. Dirt 
has always been a bugaboo in bearing 
assembly, both in the ball-bearing man 
ufacturing plant and in the user's 
assembly line. But as bearings get 
smaller and the accuracy and perform 
ance requirements go up by several 
orders of magnitude for instrument 
bearings," the need for cleaner clean 
rooms goes up in the same order. 
The significance to users of such 
bearings is the admonition: “Go thou 
if the ultimate 
performance is to be 


and do in like manner.” 
in product 
achieved. This is particularly true of 
gyro spin bearings going into inertial 
guidance systems for ballistic missiles 

Visits to two instrument bearing 
plants in recent months were very 
revealing in this regard. Both New 
Departure at Sandusky, Ohio, and 
Barden Corp. at Danbury, Conn.. are 
making gyro spin bearings to dimen 
sional accuracies of 20 to 40 millionths 
of an inch (ABEC-7 tolerance on OD 
and ID is 200 micro-in.). Both use 
special production machinery and so 
phisticated gaging equipment, and both 
assemble the bearings in ultra-clean 
rooms 

Dimensional accuracy is established 
in the early stages of machining and 
grinding of rings. The machines them 
selves and the coolants are temperature 
stabilized. Work-spindle and grinding 
wheel bearings are ultra-precise; 
special-purpose machines do the final 
lapping operations. Rare inspection ma 
chines such as the British Talyrond 
check groove path roundness to within 
3 millionths. 

Every precaution is taken to keep 
the slightest dust particle out of the 
“white” assembly rooms. Women work 
ers are air dusted before they don nylon 
coveralls, including hood and booties 
No paint or powder allowed. No food, 
no gum, no cigarettes, no foolin’! 
The air they and the bearings breathe 
is triple filtered. New Departure’s white 
room even has stainless-steel walls 
*“Factor of Ten Improvement in Ball-Bearing 


Accuracy,” Execraican Manuracrusinc, June 1960, 
p 134. 


leaning in 3 deg on the assumption 
that no dust particles will adhere. Hu- 
midity is controlled within 30-40 per 
cent RH, giving comfort to workers and 
protection to metal against rusting 

Needless to say, bearings produced 
under such exacting conditions cost 
money—a hundred times or more the 
price of commercial bearings of the 
same size (54 in. O. D.). A’ jewel 
bearing Is a piker by comparison 
Gradually the gyro manufacturers are 
coming around to installing comparable 
issembly rooms, Otherwise, many of 
our missiles will be off-target. Other 
instrument bearing users will want to 


do so too r.J.0 


THIS MONTH’S COVER 
Electro-Technology 


The resistance of electrical insulating ma- 
terial to electric stress is naturally its most 
critical characteristic. Cover artist Jan 
Van Eerde has combined two elements 
to express this fundamental function of 
electrical insulation: the background is an 
enlarged photomicrograph of the “tree- 
ing” effect caused by dielectric break- 
down in a specimen of acrylic plastic. The 
superimposed curve represents the energy 
relations in the chemical reaction of an 
organic insulating material, a factor that 
influences the thermal degradation of the 
material. For this month's reading on this 
subject, the reader is referred to: (1) 
“Electrical Insulation Deterioration 
Characteristics and Effects” (Science & 
Engineering Series) beginning on page 
123, and (2) the special 50-page report on 
“Electrical Insulation 1960” beginning 
on page 147. (Photo courtesy Minnesota 
Mining & Manufacturing Co.) 
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FOR DEPENDABLE 


If you require high performance in- 
sulation in one or any combination 
of the areas shown, you'll find 
Resinite vinyl sleeving provides the 
outstanding dependability you need. 
Resinite vinyl insulation more than 
fills most applicable commercial and 
military specification requirements. 

To save time and material at as- 
sembly, Resinite’s SOFT-WOUND 
SPOOLING prevents flattening of 
thin wall sleeving at the tube core. 
What's more, every lot of Resinite 
Specification Sleeving is rigidly 
‘ested for conformance. And each 
spool carries this test number for 
easy, positive reference to the per- 
manent test record. 

Your Resinite Distributor has 
complete information on Resinite’s 
many vinyl tubings, tapes, and lac- 
ing cords. For samples and per- 
formance data write: 


INSULATION ... 


SPECIFY 
VINYL SLEEVING 


Resinite 


TEMPERATURE 
RANGE 


DIELECTRIC 
STRENGTH 


CUT-THROUGH 
RESISTANCE 


OlL RESISTANCE 


RESISTANCE TO 
FLAME (SELF- 
EXTINGUISHING) 


FuNGUS 


RESISTANCE Clear 
Fungicide 


CORROSION 
RESISTANCE 


RESINITE DEPARTMENT SPECIFICATION MIL-1-631C | MIL-H-6310 } U.L. 105°C | MIL-1-631¢ ams ASTM D372-53T 


CONFORMANCE Type F Type F Type F NEMA-VSI-1950 


nme BORDEN formu | Ferm Or Form U NUL-1-319044) 


Grades a Grade a 


CHEMICAL cit eit | last eat Gat 1 


Sera Sah Cat. 1 Also UA 205°C 
1 Clark St., North Andover, Mass. ha 
P.O. Box 430, Compton, Calif. 


‘Also a complete TERRE b vinyl tapes @nd Técing cord 
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You get three times as much aluminum per pound as 
you get in a pound of steel, brass, nickel or copper! 


* you 

This means you can build for less . . . ship for less . . . 

C0a uminum make a greater profit by using Alcoa® Aluminum in 
ses your products. 


Alcoa Aluminum offers you many other advantages, 
too: highest strength at lowest weight ... nonmagnetic 


* ; ; 
... nonsparking . . . easy to spin, form, bend, roll. It 
e Wa 0 lil can be cast, forged, extruded or drawn . . . easily joined 
by practically any method. Corrosion resistant, it re- 


quires virtually no maintenance. 
Ask an Alcoa sales engineer to show you how Alcoa 


] Aluminum can put added values for you and your cus- 
tomer into the products you make . . . or write Aluminum 
s Company of America, 2130-N Alcoa Building, Pitts- 


burgh 19, Pa. World-wide sales through Alcoa Inter 
national, Inc., 230 Park Avenue, New York 17, N. Y 


Redraw rod made of Alcoa Aluminum gives you three 

times as much metal per pound as copper . . . costs one-half Your Guide to the Best 
as much for equal current-carrying capacity. As other metals : ' in Aluminum Valve 
constantly grow more costly, aluminum is notable for its much : 
lower rate of price increase. Whether you use aluminum as a Ai tsansesak Presents’ every Teesday, 
structural metal or as an electrical conductor, Alcoa Aluminum cveoeve conener © enemas ABC-TV, and “Alcoa Theatre"’ 
can put many extra benefits in the products you make. alternate Mondays, NBC-TV 


accoa §. For exciting drama watch “‘ Alcoa 


18 Circle 113 on Inquiry Cord ELECTRO-TECHNOLOGY 





DECEMBER 1960 


SPECIFY NEWAz <¢-A-c> 
“POKER CHIP” 


PACKAGING FOR TOROIDS 


APPLICATION: Power and Audio HI-POT: Good Characteristics. 
Transformers — Coils — Saturable MARKING: Good Contrast, White or 
Reactors. Black. 


: : FINISH: Semi-matte. 
CORE SIZES: Wide Selection. COST: Economical Compared to HS 
MOUNTING: Stack Well, Clear Hole. Cans. 


TYPE MAX MAX TERMINALS AMBIENT MIL-T-27 

NO pa pe — sini TEMP. mn ee 
P1vA | 85°C | 
Sete eee 


| #225 fa” fe” |S tsa sec | 5 |S | 
SPECIAL EPOXY CAST ASSEMBLIES 


C-A-C’s MATERIAL AND PROCESS DEVELOP- 


MENT DEPARTMENT can assist you in => 
meeting unique and unusual PACKAGING fia 

REQUIREMENTS for magnetic components. VA 

EPOXY CASES with exceptionally good 

bonding characteristics and CAST UNITS 

with very tight terminal and mounting : - 


stud dimension tolerances are available. 


Send us your current requirements ...new design, re-design ... POKER CHIP 
packaging may be your answer for improved component quality. 


Circle 114 on Inquiry Card 





NEW 170A MILITARIZED 
SCOPE-TO 30 MC! 


4) 160B MILITARIZED 
15 MC SCOPE! 


feat am ae eee See ee Oot : 
@ input, connections as + Provides ; 
trigger input, 
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OSCILLOSCOPES 


Meets military specifications 
Conventional controls for simple operation 
Uniquely versatile dual plug-ins providing: 


1. X-Y records of repetitive waveforms 
(# 166C Display Scanner Plug-in) 
2. New sweep delay convenience 
(# 166D Sweep Delay Generator Plug-in) 


3. Widely versatile input capabilities 
(# 162A Dual Trace Amplifier Plug-in) 


i nese are the scopes you have been waiting for! 
Built to exacting military specifications, they offer 
instantly expandable measurement capability— 
when you need it. It’s easy! Just add a moderately 
priced plug-in unit! 

Both # 160B and 170A employ the same ver- 
tical and time-axis plug-ins providing the widest 
range of application with minimum plug-ins and 
minimum investment. Details of these plug-ins 
are given on the opposite page. 

New 160B and 170A follow MIL-E-16400C 
for shock, vibration, humidity and temperature. 
Important features include high stability tube- 
transistor circuits, regulated dc filament voltages 
and premium components throughout. Power 
transistors in efficient heat sinks insure cool op- 
eration ; etched circuits on translucent epoxy glass 
simplify circuit tracing and servicing. 


Simple, conventional controls speed set-up time 
and actual measuring. Improved preset trigger- 
ing insures optimum operation for almost all con- 
ditions with just one adjustment—even on signals 
down to 2 mm deflection. Both # 160B and 170A 
give you big, bright presentation on a 5” CRT, 
with a clear, steady trace free from bloom or halo. 

A push-button beam finder automatically lo- 
cates off-screen beam or trace (especially useful 
for operation by inexperienced personnel). And to 
increase general-purpose usefulness: 24 cali- 
brated sweep times, 0.1 »sec/cm to 5 sec/em, + 
3% accuracy. Vernier extending slowest sweep to 
15 sec/cm. Seven-range magnifier increasing fast- 
est sweep to 0.02 »sec/cm. Horizontal sensitivity 
0.1 v/em to 10 v/cm. Vernier extending minimum 
sensitivity to 25 v/em. @ 160B, $1,850.00; @ 
170A, $2,150.00. 


versatility for the ® 160B and 170A scopes! 


SPECIFICATIONS—® 1608 and 170A with @ 166A Plug-in 


SWEEP GENERATOR 
Internal Sweep: 


1608, 15 MC 
170A, 30 MC 


0.2 to 100 
‘Soa. * mv v 


5 ma peak to sneak + 3% 


Magnification: 
Triggering: 


dc to 1 MC Trigger Point: 
7 ranges 0.1 v/cm to 10 v/cm. Vernier extends 

minimum sensitivity to 25 v/cm PRICE: 
1 megohm shunted by 30 pf 


Data subject to change without notice. Prices f.0. b. factory. 


HEWLETT-PACKARD COMPANY HEWLETT-PACKARD S.A. 


1057M Page Mill Road Palo Alto, California, U.S.A. Rue du Vieux Billard No.1 Geneva, Switzerland 
Cable ‘““HEWPACK"’ DAvenport 6-7000 CableHEWPACKSA" —Tel. No. (022) 26. 43. 36 


Sales representatives in all principal areas 
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IF YOU NEED CUSTOM PARTS 


Sylvania 
offers 
complete QC* 
service 


Helps you with completely objective rec- 
ommendations for your parts. Sylvania 
is backed by long experience in metals, 
plastics, welds and assemblies; can pro- 
duce parts utilizing a wide range of au- 
tomatic and semiautomatic equipment. 


Offers design assistance that can 
often improve the quality of your part, 
and lower production costs. 


Provides superior quality parts. 
Sylvania utilizes the most modern equip- 
ment available, and its experience in 
tooling means better quality at lower 
costs for finished parts. In addition, 
Sylvania preventive maintenance for dies 
and equipment assures you precise uni- 
formity, uninterrupted production. 


FORMED FROM METAL 


Sylvania can supply the parts you need — in the desired high production 
quantities — to the most exacting specifications — at lower costs. If your 
part is a deep-drawn eyelet, shell, cup or ferrule — Sylvania has already 
gained long experience in this field producing millions of fountain pen 
caps, curtain rod ends, etc. And if it can best be produced by four-slide 
equipment, Sylvania has produced millions of contacts, retainer clips, 
electrodes, etc. What's more, vertical press equipment and special 
Sylvania-developed machines also can produce great quantities of 
small and medium-size parts to meet your needs daily. 
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MOLDED FROM PLASTICS 


Sylvania maintains one of the world’s 
most complete lines of modern auto- 
matic molding equipment for compres- 
sion, injection and transfer molding. 
Example: a bank of rotary presses ideally 
suited to phenolics and urea. These 
presses can produce millions of parts 
each day and assure you efficient, quick 
and low-cost plastic parts in volume. 


CUSTOM WELDED 


Whether your part is 
standard-sized, miniature 
or subminiature, welded as- 
sembly is a Sylvania special- 
ty. To help meet your 
custom welding needs, 
Sylvania has developed new 
high-speed, high-volume 
welding techniques, ad- 
vanced welding equipment 
(automatic and semiauto- 
matic) and a corps of trained 
custom-welding specialists. 
Result: Sylvania welds as- 
sure better electrical and 
mechanical contact, mirror- 
image uniformity, low cost. 


*QC MEANS 
CUSTOM ASSEMBLED QUALITY CONTROL! 


Many of our customers have analyzed their Sylvania maintains a complete quality control de- 
parts assembly requirements. And they have partment to assure that parts are made to your exact 
found Sylvania can often deliver a completely specifications for each component. This control 
assembled and packaged product — using either works for you throughout the manufacturing cycle. 
all Sylvania components, all customer com- It’s just one more way you benefit when you put 


ponents or both — at lower cost than is possible Sylvania on the job for parts. 
within the customer’s own facilities. For full details or a quote, write Sylvania Electric 


Result: If your product is small, the parts Products Inc., Parts Division, Warren, Pennsylvania. 


predominantly plastic and metal, and the quan- 
tities 50,000 or more, it pays you to have 
Sylvania trained specialists assemble it. 


S Vix ‘A IA 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS \exs) 
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REED : : Angular . 
Instrument : : Contact Bearing : - 
Bearing . 


Spherical Roller 
hrust Bearing 


Sphericai 
Roller Bearing 


Tapered 
Roller Bearing 


Single Row 
Deep Groove 
Ball Bearing 


What's a “special size” in production bearings? 


0S makes so many standard sizes, there's 
practically no such thing as a “s 
of bearing. They range from tiny instrument 
bearings right up to four-row tapered roller 
bearings—and account for almost every pos- 


pecial size” 


sible bore size in-between. 

Take S&'s standard cylindrical roller 
bearing, for example. It's promptly available 
in 154 sizes of single- and double-row types 


Spherical, Cylindrical, Ball,"Wyeed Teprred and REED Miniature 
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—for shaft diameters ranging from 1” to 9.5”. 
Every size, in both types, offers high radial 
capacity in relation to its size and operates at 
highest speeds because of its very low friction. 

So, before you specify a “special size” bear- 
ing, call the nearest BOS sales office first. 
The odds are better than 1,000 to 1 that 
there’s already a standard @0& bearing of 
exactly the size you need. 6007 


avery TYPE even vee 


oOKF., 


SEF (HOUSTHIES (HC PHM AOEL PHA 
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laminated plastic 


Quality is Precision and People and Pride 


We make and sell laminated plastic 


sheets, rods, and tubes. But nearly 
all of our customers prefer us to fabri- 
cate their parts from these materials. 

Synthane quality starts with the 
rigid inspection of incoming raw ma- 
terials. From this point forward, to 
the finished laminate, control is the 
byword. In fabricated parts, too, 
quality is precision, people and pride. 
Measuring instruments of all kinds, 
many of our own design, gauges, pre- 
cision tools and other specialized 


You furnish the print 
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equipment all contribute to Synthane 
quality products. Our people, through 
years of experience, know how to 
machine laminated plastics to achieve 
the dimensions and tolerances you 
require. 

Quality is a matter of pride on the 
part of every Synthane craftsman 
who works on your job. And sixty 
per cent of our people have been with 
us for 10 years or more. 

Aside from the first class job Syn- 
thane gives you, it will hardly pay 


we'll furnish the part 
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you in money or headaches to do 
your own machining. Ask your Syn- 
thane representative for a quotation. 
You'll find him in the classified tele- 
phone book of any principal city or 
write Synthane Corp., 17 River 
Road, Oaks, Pa. 


CORPORATION OAKS, PENNA. 


Sheets « Rods « Tubes « Fabricated Parts 
Molded-laminated « Moided-macerated 
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The new Hughes Universal Connector is de- 
signed for fast, solderiess installation. Iden- 
tical and interchangeable plastic body halves 
accept either Hughes pins or sockets. No 
guide pins are necessary. Independent pre 
cision polarization and engaging hardware 
assure perfect alignment — positive electri- 
cal connections through all pins and sockets 


These connectors meet the requirements of 
MIL-STD202. They are available with various 
numbers and types of pins and sockets for 
use with 8 to 22 gauge wire and coaxial cable 


Hughes crimping tools make it easy to bond 
pins and sockets to wire — permanently and 
solidly. Tools for individually inserting and 
extracting pins and sockets from the con- 

nector body are also 


; | offered by Hughes. 
either twin takes gagthe pin in ~_s new HUGHES To order Hughes Uni 


versal Connectors, or 
aE iV & RS AL to obtain additional in 
F' | aad formation on the com 


plete line of connecting devices offered by 
Hughes, please write, teletype or call direct. 
HUGHES INDUSTRIAL SYSTEMS DIVISION, 
P.O. BOX 90904, Los Angeles 45, California 
TWX INGL 4117. For export information 
write: Hughes International, Culver City, 
California. 


Other connecting devices offered by Hughes include: 
Rack and Pane nnectors « Printed Circuit 
onnectors « M nnectors « CON 

Cable Connectors « Relay Sockets « Custor 
Designed Special Applications Connectors « 

Crimp Style Solderiess Contacts 


HUGHES 


MUGHES AIRCRAFT COMPANY 


INDUSTRIAL SYSTEMS DIVISION 
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ISGAT 
ETR-FR 


INSULATION WITH 
HIGHEST TRACK 
LCP PE a ae 


Haysite insulates 2000 times better than 
standard phenolics under contaminated industrial 
conditions. Self extinguishing and tough, these reinforced 
fiber glass alumina polyesters are available as a premix 
or a laminate. Priced competitively, Haysite offers tested 
proof of fault protection. Other Haysite laminates and 
premix moldings are available to meet specific application 
requirements. For all the facts, write for Technical 


PHENOLIC STANDARD HAYSITE Bulletin 186AT for premix or 134 ETR-FR on laminates, 
POLYESTER 


REINFORCED PLASTICS DIVISION 
accare HAYS MANUFACTURING COMPANY 


815 WEST 12TH STREET « ERIE, PENNSYLVANIA 
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This new Westinghouse BF relay...| | saves inches here... 


This new Westinghouse BF relay is small and can be butted one against the other 
so that your control panels can be reduced in size as much as 50%. Result: valuable 
plant floor space available for additional machines. Because the relay is specifically 
designed for automated machine tools, you cut installed costs more than 20%. 


And since this relay is in stock, you get these savings NOW. 





feet here... 


Want more information on the 6-amp, 300-volt BF and its companion, the 
10-amp, 600-volt AF? Contact your nearest Westinghouse representative . . . or write 


Westinghouse Electric Corporation, Standard Control Division, Beaver, Pa. J-20321-R 


You can be sure...if it’s Westinghouse (wr) 
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C i Cri mp* ¢ A-MP-O-LECTRIC « Plasti-Grip « SOLISTRAND « Plasti-Bond - AMP-O-MATIC * Amplifilm +» AM 


+1945194619471948 19: 


= 


MPO WER + DIAMOND GRIP + AMPORTAPOWER + AMP EDGE « Gerti-Crimp */A-MP-O-LECTRIC « Piasti-Grip + 


rf 


INDUSTRY LEADERS 


BECAUSE IT’S THE CRIMP THAT COUNTS! 


— 


All connectors may look alike but when faced with the 
test of performance . . . contact crimp reliability makes 
. them all different. The big difference between other con- 
nectors and the AMPin-cert connector is the snap-in 
design contact attached to the wire by AMP's precision- 
controlled, compression-crimp technique. Twenty years of 
intensified research, development and production stand 
behind the industry-accepted compression technique 
which produced Solistrand®, Diamond Grip”, Pre-insu- 
lated Diamond Grip®, Plasti-Grip®, Certi-Crimp® and the 


more than 15,000 different AMP circuit termination 
products. This is the common denominator which spells 
out unquestioned reliability in all our products including 
the AMPin-cert connector line. ANOTHER AMP FIRST! 
Now AMP offers tape-fed, automated application of 
AMPin-cert contacts. Production levels of up to 1,500 
terminations per hour can be achieved with standard 
A-MP-O-LECTRIC® machines. Also, the AMPORTAMATIC 
crimping tool is available for tape-fed terminations in 
hard-to-reach locations. 


ANIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « italy « Japan © Mexico « West Germany 
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orking ‘‘after hours’ to solve a difficult customer problem is 
W often normal routine in these 3M Electrical Products labs. It’s 
typical of the kind of technical service and research available 

to every 3M customer through his 3M Electrical Products sales repre- 
sentative. This research can encompass the evaluation of customers’ 
products for insulation needs, adaptation of special insulation com- 


. ponents to meet unique product requirements, or basic research in 
the development of new and more advanced insulation materials 
The lights burned sien 

The 3M Company is ready and equipped to help you with your insu- 
* lating problems and offers you a complete line of compatible ma- 
late at this 3M lab terials—under the Brand names “SCOTCH”, “IRVINGTON”, and 
“MICO” —to meet your design or production needs. Many of these 
= products of 3M Research will be on display at the Electrical Insu- 
lation Show, Booth 71-72. Stop by and see the insulations backed by 
last night. ot reputation. Or write: 3M Co., 900 Bush Ave., St. Paul 6, Minn., 

Dept. EBW-120. 
RESIN SYSTEMS M@ INSULATING TAPES @ INSULATING VARNISHES 


M COATED FABRICS @ TUBING & SLEEVINGS Mi MICA PAPERS 
@ MICA SPLITTING PRODUCTS @ RIGID & FLEXIBLE LAMINATES 


ee ec manana canvas Qa 3M Electrical Insulations 
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Centralab Ceramic-to-Metal Seals withstand 14,000 psi at 350°C* 


The art of high temperature ceramic metalizing has been * Temperature limits and tensile strength are functions of the 
. 4 geometry of the part and/or the melting point of the brazing alloy. 

developed to new heights by CENTRALAB engineers. The most Bond strengths are routinely achieved as high as 14,000 psi. This 
. : wei : high temperature metalizing is a suitable base for silver solders, 
exacting tolerances can be readily achieved, as can the most ‘7 brazing Gileve, capper end many ether motels. AB seals are 
permanent bond. Whether metalizing for the attachment of metal 1% tested on a mass spectrometer, with no leaks detectable to 


i : re : - ; 2x10—'0 cc/ sec. 
hardware or in preparation for hermetic sealing, CENTRALAB’S or additional technical data, write for CENTRALAB 


techniques will satisfy the most critical requirements. Bulletin EP-994. 


; The Electronics Division of Giobe-Union Inc. 
962M E. KEEFE AVE. e MILWAUKEE 1, WIS 
¢ In Canada: P.O. Box 400, Ajax, Ontario 


ELECTRONIC SWITCHES - VARIABLE RESISTORS - CERAMIC CAPACITORS - PACKAGED ELECTRONIC CIRCUITS - ENGINEERED CERAMICS 
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FREE BULLETIN... 


TURN TRASH 
INTO CASH 


Just produced by Handy & Harman—this new Refining Bul- 
letin describes the great cash potential in precious metals 
industrial waste ... lists many possible sources. Types and 
forms of refinings are illustrated photographically and de- 
scribed in text. Equally important, the bulletin calls atten- 
tion to the fact that much of industry’s valuable waste is 
truly wasted. 


Refining Plants Bridgeport 1, Conn El Monte, Calif (Los Angeles) 
& Collecting Stations: 330 North Gibson Road 
Chicago 22, Ill New York 38, N.Y 
1900 W. Kinzie Street 82 Fulton Street 


Providence 3, R.1 Toronto 2B 
425 Richmond Street 141 John Street 
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For your free copy of this new and cash-provoking bulletin, 
write to Refining Division, Handy & Harman, 82 Fulton 
Street, New York 38, N.Y. Your biggest dividend will come 
when you send a refining lot to Handy & Harman and see 
for yourself the cash benefits you get from the country’s 
leading refiner of precious metals waste. 


Your No. 1 Source of Supply, Refiner and Authority 
on Precious Metals Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N.Y. 
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Breakthrough! 


Be /hermaleze 
has replaced six 
or more 


film wires! 


ee 


Industry's only multi- POLY-THERMALEZE, a Phelps Dodge Applied 
purpose magnet wire! Research development, is answering a 
long-awaited need of the electrical equip- 
ment industry for a universal magnet wire. 





Property for property, 


POLY-THERMALEZE 
matches or exceeds 
all these 


THERMALEZE 155°C 604 %- 20%-3X iat? il Good 30 Ibs 305°C 20%-3X 4000 500,000 
e OK 


For the first time, POLY-THERMALEZE per- ceesaesiainne team diane 


consult Pheips Dodge for the quickest, surest answer! 


. : ; a 2 , 
mits standardization to one all-around film, aa age 


LASTING QUALITY 


within Class F (155C), Class B’¢130C) aL 


MINE TO MARKET! 


and Class A(105C) temperature ranges. pueips popGe COPPER PRODUCTS 


CORPORATION 


INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA 





€ Circle 126 on Inquiry Cord 


Taylor Fibre Co. 


announces acquisition of 


Dijlronics 


INCORPORATED © ROCHESTER, MICH 


Leading producer of die stamped circuits 


Taylor Fibre Co., a leading manufacturer 
of laminated plastics and vulcanized fibre, 
has acquired Dytronics, Incorporated, a 
leading producer of die stamped circuits 
for the autorotive, appliance, electrical 
and electronics industries. 

Die stamped circuits are printed circuits 
produced by a dry technique in which a 
heated metal-cutting die is used to de- 
lineate the conductor pattern and bond it 
to the base material by activating a 
thermoresponsive adhesive between the 
metal foil and the insulating areas. 

Here are some of the salient features of 
die stamped circuits that will give you 
big benefits: 


@ Unique base materials can be employed 


® Electrical properties of the base materials 
are unimpaired during processing 


A greater variety of conductor metals can 
be used 


Uniformity of circuit configuration can be 
maintained indefinitely 


Exact duplication of circuit pattern is 
assured 


Exact line definition is provided 


Base material can be selected for electrical 
properties without consideration of chem- 
ical resistance 


Currents in excess of 40 amp can be handied 
Higher bond strengths can be produced 


High quality mass production is possible 


Send now for a copy of a new booklet 
we have prepared on Dytronics and die 
stamped circuits—you will be glad you 
did. Taylor Fibre Co., Norristown 37, Pa. 


"Taylor Kibre Co. 


LAMINATED PLASTICS 
VULCANIZED FIBRE 
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— Hectonie Poduets 


Ly CARBORUNDUM’ 


Custom-built DUMMY MAGNETRON LOAD 
inserts in magnetron socket 


(1) Heat exchanger (2) Pump — water and 
ethylene glycol (3) GLOBAR 500 watt resistor 
to simulate magnetron filament characteris- 
tics (4) Varistor load bank to simulate anode 
characteristics (5) Ceramic-to-metal assem 
bly duplicating magnetron termination (6) 
“O”" ring sealed aluminum cast housing. 


The dummy magnetron load at left, 
cut open to show construction, was 
designed by Hazeltine Corporation 
engineers and produced by Carbo- 
rundum’s Globar Plant. It is used as 
a stable termination of known char- 
acteristics for evaluating the pulse 
performance of the Hazeltine AN/ 
APS-95 transmitter modulator, new- 
est Air Force early warning radar 
development. 

The dummy load dissipates 10 kw 
average power. Peak pulse amplitude 
is 50/70 kv. Unique features include 
provision for direct insertion of the 
load in magnetron socket, use of 
liquid heat exchanger and inclusion 
of a proportional viewing resistor. 

This load is typical of custom-built 
devices by Carborundum, utilizing 
the non-linear characteristics of 
GLOBAR® resistors and varistors. 
Ceramic-to-metal assemblies and 
ceramic parts were produced at Car- 
borundum’s Latrobe Plant. For in- 
formation on high power packaged 
loads to suit your requirements, 
writeGlobar Plant, Refractories Div., 
Dept. ETL-120, Carborundum Co., 
Niagara Falls, N. Y. 
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Crushable Ceramic Preforms 
—Swaging tubes for thermocouples 


These preforms are used for string- 
ing on thermocouple leads, insertion in 
seamless stainless steel sheaths and sub- 
sequent crushing during swaging to 
produce densely packed ceramic powder 
insulation. They are now available in a 
choice of materials: 

Low Boron Content Magnesium Oxide 

High Purity Aluminum Oxide (Fused 
and Calcined) 

Stabilized Zirconium Oxide 

Low Hafnium Stabilized 

Zirconium Oxide 

Preforms are offered for one, two and 
four hole applications, with other mul- 
tiple four up to six hole tubing available 
on request. Sizes range from .022” O.D. 
with holes from .005” diam. as standard 
sizes. Special diameters made to speci- 
fications. For complete technical data, 
write Latrobe Plant, Refractories Div., 
Dept. ETP-120, Carborundum Com- 
pany, Latrobe, Pa. 
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offer advantages for your product 


The samples shown at left are typical of 
the many types produced by Carborundum’s 
Latrobe plant 
#1 is a metal-bonded ceramic-to-metal 
assembly with an operating range up to 
500 C in air and 1080 C in controlled atmos- 
phere. It’s highly resistant to thermal and 
physical shock and can be readily brazed. 
Used for thermopile lead-throughs, pres- 
sure vessels, space capsules, canned nuclear 
pumps and reactors, heating elements, rec- 
tifier housings. 

#2 is another example of metal-bonded 
ceramic with similar properties. 
+3 is a silver metallized ceramic part for 
less severe requirements. Operating range 
up to 150 C, 
+4 Vacuum-tight lightweight glass-to- 
metal assembly produced with KOvAR® 
matched expansion type glass seals. The 
glass and metal oxide interfuse to make a 
true chemical bond. For information, write 
trohe Plant, Refractories Div., Dept. 


ETS-120, Latrobe, Pa. 
Circle 130 on Inquiry Card 
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At the conference... 


7 ——} 
Johns-Manville presents 


an exciting exhibit of all 3 ; 


... the industry’s widest selection of Dp 
electrical insulation materials 


Here’s your chance to examine and compare 
every product in the entire Johns-Manville line 
for the electrical industry. 

New J-M fiber glass insulations, J-M’s Dutch 
Brand products and J-M’s asbestos electrical in- 
sulations—all give Johns-Manville today’s widest 
selection of electrical insulation materials. 


So don’t miss the Johns-Manville exhibit... 
at Booths #90, 91 and 92, Conrad Hilton 
Hotel, Chicago, Illinois . . . December 5 
through 8. 
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1. 5-M Fiber Glass 


Yarns for — 


+ Narrow Fabric « Building Cable 

+ Sleeving and Tubing - Aircraft Cable 

+ Magnet Wire « Braided Lacing Tape 
* Broad Fabric + Flat Sheet Laminates 
« Varnished Fabric ~- Slot Wedges 

+ Banding Tape « Slot Sticks 


2. Dutch Brand electrical 


tapes 


+ Polyester + Flat Back Paper 
+ Glass Cloth + Crepe Paper 
« Acetate Cloth + Cotton Cloth 


Dutch Brand electrical tapes are 
available in a variety of thicknesses 
and widths . . . with special 
adhesives . . . pressure-sensitive 

or thermosetting. 


3 - Quinterra® Quinorgo® 
Electrical Insulations 


These class ‘“‘B’’ and class ‘‘H’’ insulations are 
specially formulated, heat-resistant products 
made of highly purified asbestos, combined 
with high temperature resin saturants. Fur- 
nished in flexible and rigid forms. 


TMA -MANVILLE 


JOHNS-MANVILLE JM 


PRODU 


DECEMBER 1960 Circle 131 on Inquiry Cord 





i 


ue | lar Of all the leading makes... 


) ONLY GENERAL ELECTRIC |. 
b MAGNETIC STARTERS AT | 
, THIS SMALL SPACE 


vt This outline is the ACTUAL SIZE of General Electric’s Size 1 
cs 100-Line Magnetic Starter—the ONLY LEADING STARTER 
ya that offers such compact design. With these smaller G-E starters, 
a you have greater flexibility of panel or machine design, plus ad- 
= vanced design features that add reliability to your product. This 


reliability has been field proved on over a million General Electric 
starters. For more facts, contact your G-E sales engineer, or write 
| for Publication GEA-7020, Section 811-15, General Electric 


Company, Schenectady 5, N. Y. 


: GENERAL @® ELECTRIC 





Tn Ce al 


Add reliability to your product by using 100-Line starters 


LESS BOUNCE, LONGER LIFE RESULT FROM SLANTED CONTACT DESIGN, MAGNETIC STEEL ARC TRAP EXHAUSTS STRONGBOX MOLDED COIL 
HORIZONTAL ACTION. Bounce on closing and dust accumulation are two CONDUCTIVE GASES, REDUCES CON- PROVIDES POSITIVE PROTEC- 
major causes of contact deterioration. General Electric's slanted contacts TACT EROSION. Size 2 starters feature TION FOR COIL WINDINGS 
end horizontal action virtually eliminate both problems. The unique arc trap which exhausts ionized gases Glass-filled alkyd resin pro- 
angled mating of contact surfaces provides positive “make” ond “break,” contains and quenches arcs. Arc trap tects coil to prevent flexing of 
with less bounce, less resultont arcing. The slanted surfaces shrug off splits and cools arcs quickly, reducing windings, and resists dirt, oil, 
dust and other contaminates that could cause contact pitting contact erosion, extending contact life. water, and mechanical damage. 
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POSITIVE “MAKE,” CLEAN 
DROP-OUT PROVIDED BY G-E 
MAGNET DESIGN. Any voltage 
sufficient to move magnet seats 


it firmly. Clean drop-out re 


sults from machined air-gop 
short flux path 
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STRAIGHT THROUGH WIRING ALLOWS 
QUICK, NEAT INSTALLATION. All line 
terminals are at top, all load terminals 
at bottom. This speeds installation, pro 
vides neater appeorance. Pressure type 
terminals accept solid or stranded wire, 
ring or spade connectors 


me NC e aU LEAS 
with GENERAL ELECTRIC CONTROL 


BIMETALLIC OVERLOAD RELAYS ARE 
TRIP-FREE, ADJUSTABLE + 15%. Bimetal- 
lic relays standard on 100-Line starters, 
cannot be reset while overload exists. 
Handy knob allows +15% adjustment 
of trip setting. Overloads can be reset 
manually or automatically. 






FULL-FRONT ACCESSIBILITY 
ALLOWS EASIER INSPEC- 
TION, WIRING, MODIFI- 
CATION. No extra space 
needed—contact inspection, 
coil change, overload ad- 
justment done from front. 





ROGERS FIBERLOYS: 


Rogers Fiberloys are fiber-polymer “‘alloys’’. The basic grades described 
below indicate the range of materials available for your requirements. 


MATERIALS FOR ELECTRICAL INSULATION 


Material General Description 


Cellulose fiber materials 
produced in 60” x 120” 
sheets and rolls, in 
gauges from .007” to 3”. 


in 


Fibrous insulating materi 
als — U. L. recognized — 
produced in 0” « 66 


DUROID 100, 225, 
700 SERIES 


sheets in gauges .031” to 


Fibrous insulating materi- 
al recognized by VU. L 
sole support of cur 
rent carrying parts 60” 
x 66” sheets gouges 
031” to 3”. 


tor 


in 


Teflon reinforced with 


ceramic fibers to form 
geneous sheet, 


or tube. 


hom 


rod 


Teflon reinforced by en 
epsulaetec giass m 
fibers. Available 
sheets, rods, tubes 
copper-clad sheet. 


flat 
end 


Wide range of materials 
um to high 
grades. Unif 
size and rate of pour 

f ulations also in 


n med impact 


rm pe e* 


RX DIALLYL 
PHTHALATE Dially 
MOLDING forced with mineral 
COMPOUNDS r synthetic fibers 


tiers. 


Molding compounds of 
Phthalate reir 


glass 
end 


Orlon fibers bonded with 
acrylic resin. Supplied in 
13° wide rolls, in gouges 
010” to .030° 


DUROID 2100 
SERIES 


from 


Outstanding Properties 


with 


char- 


Exceptionally pure, 
uniform dielectric 
acteristics. Tough, ho 
mogeneous ng the 
standard insulating ma 
terials for transformers 
and motors. 


— | 


Arc 


~+r 


resistance and d 
strength equal tc 
base laminates 
diele 
under 


ele 
XP paper 
Retains 
strenath 
humidity 


ri 


high 


Rigid, springy material 
with water absorption of 
ess than 25% per 24-hour 
n. Excellent physi- 


mmer 


cal wet strength. 


Electrical properties of 


c 


Teflon but with muck 


et 


dis- 


greater resistanc 
cold flow and heat 
tortion. 


Iniform electrica 


erries wer ef 
of expansion 
no wicking 
per-clad 
bond strength. 


than 
effect 


sheet has 


Low bulk factor. fest rate 


f cure. Combine impact 

strena 

free. Oualit 
YU y 

for bh gh-speed proc 


al 


atter 


Superior electr 
ertie even 
humidity 


dimensional 


prop 
erp 

Exce 
stability 
and chemical resistance. 


sure to 


lant 


Exceptional electrica 
properties combined with 
resistance to 


minty 


Treon-o! 


res 


Fabricating Methods 


Sheet sizes are stand 
ardized for assembly into 
transformers. Strips can | tors 
be supplied or cut for 
blanking smal! insu 
lating parts. Rolls for 
automated operation. 


Application Considerations 


Standard insulation for 
transformers, electric mo- 
and other 
equipment. 


electrical 


into 


be formed or 
blanked on power 
presses steel 
or compourd dies. 


Parts can Genera! purpose insulat- 
ing materials. Used 
quently in place of 
paper-base laminates 
where moisture pick up is 


not critical 


tre. 


using rule 


Re 


stee! rule die pur 


Flat punching using com ommended 
pound or 


Formable before 


hed at 


curing 


Blanking and punchir 
n ¢£ 
stee! rule , of 
dies. Machined or m 
ports. 


wer presses 
me 


ided 


Flat 
pur 
featur 


hinad 


readily 
Rod and tube 
entme 


sheets 
hed 
e excel 


ty. 


Can be automatically pre 
formed me 
ded na 


matic equipment. 


ress 


transfer m out 


Convent ona! compression 
or transfer molding equig 
Outstanding mold 


ment 


ability. 


In hermetic for 


Blanking and punching on 
power presses, using stee 
rule or compound dies 


systems 


freon-oi resistant motor 
slot liners 


eparat 


wedges, phase 


rs 


For technical data, please specify materials in which you are interested. 


ROGERS CORPORATION 


ROGERS, 
CONNECTICUT 


PLANTS IN ROGERS, MANCHESTER AND WILLIMANTIC, CONN. 
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Trimming 
Potentiometers 


THE MODEL 60 
1/2” square, 3/16” high, and 
weighing 2 grams, the Model 60 
is available in standard resist- 
ances of 50 ohms to 50K ohms. 


THE MODEL 50 
3/8” square, 3/16” high, and 
weighing 1 grem, the Mode! 50 
is available in standard resist- 
ances of 50 ohms to 20K ohms. 


WPERFORMANCE 

Stack ‘em... up to 35 Model 50 trimmers in one cubic 
inch. Adjust ‘em, 25 turns for full electrical travel... 
take your choice of side or top adjustment, slotted fillister 
head screw, Allen hex socket, or slotted headless screw 
flush mounted. Dissipates 1 watt —Model 50 and 2 watts 
— Model 60. Dual wiper provides double assurance of 
positive contact under all conditions. High resolution, 
typically 0.061% for the SOK ohms model. Resistance 
tolerance, +5%, temperature range, —55 to +-150°C. 
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Go Ahead, 
TRIM SQUARE 


Trimmers 
shown actual size 


mS/ZE 
m PERFORMANCE 
MW RELIABILITY 


m ECONOMY 


®@ RELIABILITY 

At no extra cost, Spectrol trimmer potentiometers meet 
or exceed all applicable military specifications for alti- 
tude, fungus resistance, salt spray, sand and dust, humid- 
ity, temperature cycling, shock and vibration. Guaranteed 
load life, 1000 hours minimum. 


mB ECONOMY 

Prices in 1-9 quantities: Model 50—$7.50 each, Model 
60—$6.50 each. Spectrol trimmers are ready now for 
immediate delivery from your local distributor. For com- 
plete technical information, call your Spectrol represent- 
ative or write Dept. 28. 


SPECTROL 


ELECTRONICS 
CORPORATION 


1704 South Del Mar Ave. « San Gabriel, California 
ATiantic 7-9761 * CUmberland 3-5141 


1250 Shames Drive + Westbury, Long Island, N. Y. 
EDgewood 3-5850 
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EVERYTHING YOU WANT IN 


RAR ERIS TEES RM > SO 


Tandem Multi-Tap, , Motor Driven, 
Combinations, VT2, VT4, VT8, VT2, VT4, VT8 
VT2, VT4, VT8 # 


Thirty-eight different types, including individual transformers, two-in-tandem, three-in-tandem, cased, low-voltage, 
single-phase, three-phase, fixed mounting, portable and accessories. 
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VARIABLE TRANSFORMERS 


OM 7.5 TO 10 AMPS 
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inertially damped servo motors 


Thirteen tucky solutions to stability prob- 
lems! Transicoil’s complete new line of accelera- 
tion (inertially) damped servo motors matches 
every conceivable requirement with performance 
far in advance of previously available models. You 
can have size 8, 11, 15, or 18. . . in 4, 6, or 8 poles 

. standard or high torque .. . corner frequen- 
cies cut to your special needs. And if necessary, 
an endless variety of special motor windings 
and shaft configurations. Highest 3rd corner fre- 
quency availabie in industry assures excellent sys- 
tem frequency response. Also, the large difference 
between the 2nd and 3rd corner frequencies sim- 
plifies amplifier stability requirements. 


Using these new damped motors in a system 
you can operate at higher gain, with less position 
or velocity error, less backlash sensitivity, in- 
creased stability. They’re far superior to damp- 
ing generators in marginally unstable systems. 
And compared to viscous damping or rate feed- 
back, permit high slewing speed, consume less 


a 
DAYSTROM, incorporated 
ant 


TRANSICOIL DIVISION 
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power, generate less heat, require less wiring, 
and need no warm-up period. 


SPECIFICATION SHEETS on the complete line are 
available now on request. Or, just tell us your 
problems and we'll do our best to come up with 
a solution. 


Typical Characteristics Asymptotic Frequency Response 
of Size 8-4 pole, Size 11-4 pole Units 


K, (VELOCITY CONSTANT) |" 
SUEB4 POLE 290 ' ' ORNER FREQUENCY 
SUE 11-4 POLE 235 i = ',/ | UNDAMPELD MOTOR 
ae x 
i 


RAD, SEC/ VOLT 


SHAFT ANGLE/CONTROL PHASE VOLTAGE 


! 
! 
i 
! 
1 RAD SEC we) 
' 
5 75 
2 27 


CORNER FREQUENCY CPS. 


Foreign: Daystrom Inteffiation&l Div., 100 Eepize St., 
Newark 12, New Jersey. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ontario. 


WORCESTER + MONTGOMERY COUNTY - PENNSYLVANIA 
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For lasting dependability, specify... 
EPO RESING 


When you are looking for outstanding reli- 
ability, even under severe operating condi- 
tions, you can count on Epon resins to give 
you the excellent electrical and mechanical 
performance you require. 

For example—Epon resins have truly 
amazing adhesive qualities—form strong 
bonds to metal, glass, and plastic. They assure 
air-tight, moisture-tight enclosure for delicate 
components and vacuum tubes. Even when 
exposed to solder-bath temperatures, Epon 
resins retain their dimensional stability. 


Epon resin-based insulating varnishes and 
potting compounds, in addition to providing 


SHELL CHEMICAL COMPANY 


excellent moisture sealing, have outstanding 
resistance to attack by solvents and chemi- 
cals, even at high temperatures. 

When reinforced with inert fibrous filler, 
Epon resins produce base laminates of supe- 
rior dielectric properties that can be sheared, 
punched, drilled, and bath-soldered. 

Solvent-free Epon resin adhesive formula- 
tions require contact pressure alone and cure 
at room temperature, or with low heat for 
accelerated curing. 

Will Epon resins solve a production prob- 
lem for you? For a list of resin formulators 
and technical literature write to: 


PLASTICS AND RESINS DIVISION 


110 WEST SIST STREET, NEW YORK 20, NEW YORK 


Central District 
6054 West Touhy Avenve 
Chicago 4, lilinols 


Eost Centra! District 
20575 Center Ridge Rood 
Cleveland 16, Oh 


Eastern District 
42.76 Main Street 
Flushing 55, New York 


Western District 


Downey, California 


IN CANADA: Chemical Division, Shell Oil Company of Canada, limited, Toronto 
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10642 Downey Avenue 


POTTING 
SEALING 
ENCAPSULATING 


LAMINATING 





NEWacrotimer 


FLEXIBILITY -___ TWO TYPES OF 


TERMINAL BLOCKS 
(FRONT OR REAR 
BEZEL 
(IF REQUIRED) 


SLEEVE (iF 
REQUIRED) 


Sas BASIC UNIT 
OF DIAL FACES — xo (COMMON 
(FRONT OR REAR TO ALL 
MOUNTED) VERSIONS) 


Supplied for rear or panel mounting, 
the ACROTIMER line is designed for 
operation at 120 to 240 vac, 50 or 60 
cycles. Adjustable time ranges from 6 
seconds to 4 hours are available. For 
complete information on these timers, 
write today for your free copy of the 
new Haydon ACROTIMER Catalog. 


TIMING MOTORS 
TIME AND TORQUE CONTROLS 


Provides time delay or interval timing, opening or closing 

one or more switches after an adjustable period of time — 

and, in addition, offers you these advantages. 

EXCEPTIONAL VERSATILITY . . . results from modular construc- 
tion concept. One basic unit plus easily assembled standard 
parts provides 12 different variations to meet a very wide 
range of physical and electrical requirements. Reduces cost, 
speeds deliveries. 

LOWER COST ... than other units of comparable capacity and 
quality, because of savings made possible by advanced de- 
sign and modular construction. 

SIMPLE CONSTRUCTION .. . with fewer moving parts. This 
means greater dependability and contributes to lower pur- 
chase price without sacrificing quality and performance. 

COMPACT . . . 4” shorter than the next smallest competitive 
unit and 1” smaller than most competitive units. 


HIGHER RATED LOAD SWITCHES . . . with your choice of one 
15-amp or two 10-amp switches. 

SPRING-TYPE CLUTCH . . . means negligible wear; longer life; 
and faster, more positive engagement. 


DIVISION OF GENERAL 
TIME CORPORATION 


2536 EAST ELM STREET 
TORRINGTON, CONNECTICUT 
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Max. Amps. 


Tarzian Max. 
Type RMS Voits 
2.0 20 


2F4 . 260 


1IN2482 
F-2 . 140 . 4N2069 


IN2483 
1IN2070 


eee} 
4IN207 1 


0.2” maximum diameter 
0.4” maximum tength 


How many? 


1,000? 10,0007 100,000? 1,000,000? 


If Series F units meet your design requirements, 
then you can specify with full assurance of 
availability in any quantity. 

These Series F units are widely useful. They 
combine small size, low cost, high performance 
and Tarzian reliability. They are interchange- 
able with many other rectifiers. Junctions are 
oversize—handle inrush currents far beyond 
normal circuit requirements. Temperature rise 
is low and reliability is increased. 

The insulated body of the Series F units pre- 
sents no mounting problems. And low cost with 
high quality results from Tarzian production 
methods. 

For additional information about Series F 
rectifiers, call your Sarkes Tarzian sales rep- 
resentative, or write Section 5760. Sarkes 
Tarzian is a leading supplier of silicon, tube 
replacement, and selenium rectifiers. Practical 
application assistance is always available. 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 
Equipment e Air Trimmers « FM Radios « Magnetic Recording Tape « Semiconductor Devices 


SEMICONDUCTOR DIVISION « BLOOMINGTON, INDIANA 
/n Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, inc., New York 
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ARMCO STEELS / tor electrical and electronic apparatus 


Armco's complete line of oriented 
grades gives you these fundamental 
advantages because they combine such 
a wide range of useful magnetic prop- 
erties, high magnetic quality and 
excellent fabricating characteristics. 
They enable you to design economical 
cores for the performance you need. 
They help trim manufacturing costs, 
too, 

Here are a few of the outstanding 
reasons why manufacturers of all types 


of high performance transformers use 


Vey Armco Oriented Electrical Steels: 
Cy 


Armco Oriented Electrical Steels 
Give High Performance Transformers 


Maximum Efficiency at Lowest Cost 


Range of grades from M-5 to M-8 

High permeability at high inductions 
Properties developed at mill 

High resistivity, thin surface insulation 
Consistently high magnetic quality 
Good punching quality and flatness 
Excellent lamination factors 

Complete design curves available 
Armco Oriented Electrical Steels can 
help you meet the challenge of com. 
petition and rising costs. Write us 
today for your copy of our design 
manual and see how these materials 
can be effectively utilized in your trans- 
formers. Armco Steel Corporation, 
3000 Curtis Street, Middletown, Ohio. 


ARMCO STEEL 


Armco Division * Sheffield Division + The National Supply Company + Armco Drainage & 
Metal Products, Inc. + The Armco International Corporation + Union Wire Rope Corporation 
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ALLIS-CHALMERS 


Actual radiograph of a 5-hp open-type motor taken with a 24-million volt Allis-Chaimers Betatron. 


X-ray view of motor health 


Invisible standards of perfection increase life expectancy of every Allis-Chalmers motor 


The exceptionally long performance 
of A-C open motors proves the value 
of thinking beyond established 
standards of design . . . of taking 
“significant new achievement” as 
the ideal. 

This ideal led to many refine- 
ments for A-C open motors: double- 
shielded bearings that keep dirt out 
and allow controlled migration of 
grease, permanently numbered lead 
spacer and leads for easy identifica- 
tion and connection, and heavy-duty 
cast iron frames that resist corro- 


DECEMBER 1960 


sion and keep rotating parts per- 
fectly aligned. 


For totally-enclosed, open-type 
and Super-Seal general purpose mo- 
tors, and electrically or mechanical- 
ly modified definite-purpose motors, 
choose the motor built to invisible 
standards of perfection. Choose A-C. 


Special application help available. 
Call your nearby A-C representative. 
Or write Allis-Chalmers, Industrial 
Equipment Division, Milwaukee 1, 
Wis. 


Super-Seal is on Allis-Chalmers trademark. 
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CONTROLS COMPANY of AMERICA develops 
first solid-state moisture-sensing system. 


New magnitude of reliability introduced to moisture control field 


Here's a new system that precisely measures 
moisture content—with proven reliability. In fabrics 
... Organic or inorganic compounds... mixes — 
in fact wherever moisture is a problem this system 
offers appliance and industrial engineers a new 
standard of accurate moisture control. 


The control continuously.measures moisture 
content with an instantaneous control response 


and can be used for high volume applications or 
single batch units. Controls Company moisture- 
sensing systems are already in production. 


In designing their moisture-sensor, quality 
conscious engineers at Controls Company of 
America in Schiller Park, Ill. specified Tl! transistors 
with linear beta, high power gain and low 
distortion characteristics. 


SEMICONDUCTOR ~- COMPONENTS DIVISION 


Quality TI transistors for your par- 
ticular application are available in 
production quantities through your 
Ti distributor or T! sales office. 


TEXAS 


LIMITED 


DALLAS ROAD . BEDFORD. ENGLAND 


INSTRUMENTS 


INCORPORATED 


@ 13500 NORTH CENTRAL EXPRESGWAY «+ DALLAS. TEXAS 
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COATED GLASS CLOTH 


NEW JERSEY WOOD FINISHING COMPANY 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION + WOODBRIDGE, N. J. 


VARNIGHED CAMBRIC CLOTH AND TAPES © VARNIGHED "FIBERGLAS’T CLOTH AND TAPES ¢ VARNISHED SILK AND SILK SUB- 
STITUTE © SYNTHETIC RESINOUS TAPES ANDO EXTRUDED TUBING ¢ POLYETHYLENE, SHEETS, TAPES ANO EXTRUDED TUBING 
* CABLE WRAPPING TAPES © "VARSBIL” SILICONE VARNISHED "FIBERGLAS"t CLOTH AND TAPES © “VARSLOT” COMBINATION SLOT 
INSULATION: ~ RAG PAPER AND VARTEX VARNIGHED CAMBRIC ¢ FIGH PAPER ANDO VARTEX VARNISHED CAMGRIC © RAG PAPER AND 
“MYLAR’® POLYESTER FILM © ASBESTOS PAPER AND "MYLAR’* POLYESTER FILM © KRAFT PAPER AND “MYLAR’® POLYESTER FILM 
© VARTEX VARNIGHEO “FIBERGLAS"T AND “MYLAR’® POLYESTER FiLm . SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 


*mytar, DuPont's registered trademark TFibergias, Owens-Corning Fibergias registered trademark 
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SILICONE NEWS from Dow Corning 


For Greater Reliability 
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Potential for Insulation Systems Made 
From Silastic Goes Up and Up! 


Insulation systems made from Silastic®, the Dow Corning silicone rubber, 
are being used on more and more machines, on machines designed for 
higher and higher voltages. 


Take the 4,500-kw, 4,160-volt engine-type generator shown above, for 
example. Built by Allis-Chalmers, this generator features an insulation 
system made from Silastic. 


A midwest steel mill specified silicone rubber insulation for the 11,000-volt, 
3,000-hp, Allis-Chalmers Type AKG sintering-fan drive-motor shown in 
the inset because of outstanding performance from similar motors designed 
for voltages ranging from 240 to 6,600. 


Your nearest Dow Corning office is the 
number one source for information and 
technical service on silicones. 


Combining high temperature resistance 
with self-protecting qualities, insulation 
systems made from Silastic are winning in- 
creased acceptance for equipment subjected 
to moisture, heat and thermal cycling. 


Silastic retains excellent electrical and 
physical properties from —90 to 250C, 
resists arcing, ozone, corona. Vulcanized in 
place on coils, it forms a homogenous in- 
sulation jacket that is impervious to mois- 
ture and other contaminants. Resilient, it 
is unaffected by thermal cycling .. . hair- 
line cracks do not develop. 


For the best in silicone rubber insulation, 


specify Silastic. Circle 144 on Inquiry Card 
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...Design with Silicones 


Silence Solenoids with Silicones 


The entire operating mechanism of their new Silent Knight 
Gas Valve, manufactured by White-Rodgers Company, St. 
Louis, is immersed in Dow Corning 200 Fluid. Enclosed in 
an unbreakable metal case, the viscous fluid slows the 
mechanism, cushions the components and makes them 
silent. Eliminated are the characteristic “snap” of the 
relay, the “hammering” of the plunger, some of the un- 
desirable “pop” of gas ignition. Silicone fluid is the ideal 
damping medium because it doesn’t thicken or thin with 
temperature changes, has excellent dielectric properties. 
Noncorrosive, resistant to oxidation and to breakdown 
under shear, Dow Corning silicone, fluid assures long- 
time, reliable service. 
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Cut Weight with Silicone Laminates 


Insulation components made from silicone-glass laminates 
help improve the design and performance of electrical 
equipment like this 100-kva, 3-phase Pennsylvania Trans- 
former. Bonded with heat-stable Dow Corning silicone 
resins, glass laminates have high are resistance, low loss 
factor, low moisture absorption . . . excellent mechanical 
and dielectric strength even after prolonged aging at 250 C. 
Used with other silicone insulation components, silicone- 
glass laminates permit transformer designs that are lighter 
in weight, smaller in size, easier to install and maintain 
than transformers using any other class of insulation. 
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For Teamwork Specify Silicones 


This magnetic clutch, produced by Vickers Incorporated, 
Electrical Products Division, Sperry Rand Corporation, 
assures smooth acceleration of rotating equipment without 
chatter or grab. Since the Magneclutch can slip continu- 
ously, heat is produced. One critical component requiring 
silicone protection is the excitation coil which produces 
the torque-producing magnetic field. Insulated with sili- 
cone components, and dipped in Dow Corning 997 Var- 
nish, it permits operating temperatures of 180 C and better. 
Other Dow Corning silicone materials in the Magneclutch: 
mechanical gaskets, lead wire insulation, bearing lubricants. 
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Savings Pile Up 


With Torrington Needle Bearings BEARINGS FEATURE: 


* Full complement of retained 
rollers 


* Unequalled radial load ca- 
Needle Bearings. A full complement of small-diameter rollers provides a pacity 


TORRINGTON NEEDLE 


You get performance-plus at a low, low unit cost when you specify Torrington 


maximum number of contact lines. The result—a higher radial load capacity * Low coefficient of starting 
and running friction 

* Low unit cost 

Precision rollers operate smoothly and efficiently, with a low coefficient of + Long service life 


starting and running friction. Positive roller retention is insured by turned-in * Compactness and light weight 

¢ Runs directly on hardened 
shafts 

Your Torrington representative is an expert on Needle Bearings. For full * Permits use of larger and 

stiffer shafts 


at a lower unit cost than any other bearing of comparable size or performance. 


lips on the outer shell, permitting faster and easier installation or assembly. 


information on how they can bring savings and improved product design and 
performance call Torrington—maker of every basic type of anti-friction bearing. 


progress through precision TORRINGTON BEARINGS 
THE TORRINGTON COMPANY Torrington, Conn. «© South Bend 21, indiana 
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superior 
accuracy 

and 
reproducibility 
with the 


Cen el ee aaa ee 


460-SERIES 
TAPE 
TRANSPORT 


The Sangamo 460-Series is a fully transistorized magnetic tape 
Recorder/Reproducer for application in direct analog, wideband FM, 
PDM, and PCM instrumentation systems. 


Magnetic tape instrumentation system accuracies heretofore con- 
sidered unattainable have been achieved by Sangamo as a result 
of reduced instantaneous and long-term record-playback speed 
deviations. The 460-Series Tape Transport accomplishes this by 
combining a very low inertia D. C. capstan drive with a high- 
response, tape-speed, servo control system. 


A unique vacuum tension/cleaning pad located immediately in 
front of the recording or reproducing head provides gentle, but 
firm and precise, tape tension. The head in turn is mounted almost 
in contact with the drive capstan. This arrangement results in a 
very short span of tape that requires controlled positioning. The 
combination of these features results in minimum skew, less flutter, 
and fewer dropouts. 


Additional features of the Sangamo 460-Series Tape Transport 
are: Reel-to-reel or loop operation with the same machine e 
SANGAMO Ability to handle all tapes, from 4%” to 2” in width, 1.0 to 1.5 
460-SERIES PERFORMANCE mil base e All D. C. drives e Fully transistorized e 
CHARACTER:STICS: 


START TIME: 1.0 second max. to syn- . . : 
chronism with servo speed control at sold through technically qualified Sangamo agents specially selected 
60 ips up to 1" wide tape. 
STOP TIME: 0.2 seconds max. from . . sa . 
60 ips. cations. In addition, Sangamo Application Engineers are available to 
INSTANTANEOUS TIME DISPLACE- provide further technical assistance wherever necessary. For complete 
MENT ERROR: 25.0 microseconds . as ie 7 . 
max. at 60 ips details on the Sangamo 460-Series Record/Reproduce system, write for 
LONG-TERM TIME DISPLACEMENT Bulletin H-460A or contact your nearest Sangamo representative. 
ERROR: +0.01% max ; 
INTER-CHANNEL TIME DISPLACE- BROGAN ASSOCIATES, INC. J. E. CUESTA COMPANY 
MENT ERROR: +2.0 microseconds at Mineola, L. |., New York Paoli, Pa. 
60 ips between outside tracks on 1" Chestnut Hill, Mass. Washington, D. C, 
tape. DATRONICS, INCOPORATED MEDCO, INCORPORATED 
SERVO SPEED CONTROL RANGE: Houston, Texas Melbourne, Florida 
+ 15% nominal tape speed. Dallas, Texas Huntsville, Ala. 
SERVO RESPONSE: +15% speed PERLMUTH ELECTRONIC ASSOCIATES 
change per second, Los Angeles 16, California 

San Diego, California 

Palo Alto, California 


Sangamo 460-Series Magnetic Tape Record/Reproduce systems are 


for their ability to assist you in magnetic tape instrumentation appli- 


SPRINGFIELD, ILLINOIS 
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How to tame a “hot”. transistor 


Magnetic Materials Section reports on G-E thermistors 
... and how they may help you solve your 
temperature compensation problems 


General Electric thermistors reduce their resistance sub- 
stantially upon slight increases in temperature, making 
them especially suitable for temperature compensation 
of transistor circuits. Frequently, a thermistor or therm- 
istor network is used in place of a base biasing resistor. 
Thermistors restrain transistors from running away at 
high temperatures, and often result in further economies. 


For example, replacing an expensive uncompensated 
silicon transistor with a low-cost germanium transistor 
compensated with a thermistor permits savings of 80 
per cent and more! Also, high-priced, low-temperature- 
coefficient resistors and capacitors may be replaced 
with inexpensive, high-temperature-coefficient units- 


resulting in additional cost reductions. What's more, a 
higher gain in the circuit for given temperature varia 
tions may be achieved. 


Because they are small and contain no moving parts, 
G-E thermistors are ideal for other temperature com 
pensation applications, such as copper, magnetic ampli 
fiers, and diodes. Other uses for thermistors include 
temperature measurement, time delay devices, voltage 
regulators, and current inrush suppressors. ‘ 


Through new production facilities, General Electric can 
now design and manufacture thermistors to your 
specifications. For resistance values from 1 to 10,000,000 
ohms, and with temperature coefficients of resistance 
from —1% to —5% at 25°C., there is a G-E thermistor 
for you. For further information, write: Magnetic 
Materials Section, 7804 N. Neff Street, Edmore Michigan 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOYe CEMENTED CARBIDES © MAN-MADE DIAMONDS © MAGNETIC MATERIALS © THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 


58 Circle 150 on Inquiry Cord 


ELECTRO-TECHNOLOGY 





Wobteg —— 


free ..- THEIR SOURCE FOR ELECTRICAL SHEETS 
ror 4.) YEARS 


Continuous patronage for almost half a century is the way 
one large electrical equipment manufacturer unequivocally 
endorses the quality of Acme-Newport sheets. He knows 
what he needs for his widely varied products, and long ago 
found that our special department for electrical sheets 
knows exactly how to make it. Uniform physical, electrical 
and magnetic properties are attained by strict adherence to 
specifications, and by complete quality control throughout 
every processing step. What we do for others we can do 
for you, if you will discuss your requirements with our 
metallurgists. 





To the Engineer 


looking for a fast circuit seesaw 


AE 
CAN 
DO 


If you're in need of something better than a 
flip-flop that only partially transfers a circuit 
—something with a transit time of less than 
a millisecond—then you'll be delighted with 
AE’s Series PTW Polar Relay. This mag- 
netically biased relay will transfer a circuit 
with the beautiful regularity of an observa- 
tory clock, and trigger on only a few mils 
from your available energy source. 


Substantially smaller than other polar relays, 
the PTW’s unique design virtually guaran- 
tees the high-speed switching of a single cir- 
cuit billions of times without readjustment! 
Its service records to date in telegraph and 


teleprinter circuits and differential controls 
suggest that its life is practically limitless. 
Terminals to meet your specs 


Our circuit engineers will be happy to work 
with you in adapting the PTW to your 
designs. Or possibly you'd like to leave the 
switching to us—in which case we can take on 
the complete packaging and more than likely 
shave your costs. 


For full information on the PTW, ask for 
Circular 1821-E — and for answers to your 
control problems, write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS es) 
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INTER - CELL CONNECTOR FOR 
ELECTRICAL PRECIPITATOR DEVICE 
Pras: fo eaters sees ae 
and violent | shover, and maintain dielect 


MOTOR CONTACTOR HOUSING 
Problem: To reduce size and weight, provide 
Fmagpeseda gy ain oe re ore Seen Saservey- 
ve capacity. Here ROS 3250 really does the 
foks St enolelo in potiagignefell dines of motor com 
tactors by offi thinner, finer sections which 
arc-quenching chambers. 


. 


NON-TRACKING 


or gE aK Yai) ARC- QUENCHING 


ELECTRICAL MOLDINGS 


Shows you how to 
REDUCE SIZE... WEIGHT... COST 
INCREASE STRENGTH 
IMPROVE ELECTRICAL PROPERTIES 


SAFETY SWITCH CROSS BAR 

Problem: To provide high impact ——— and 
qperate ary Wate to heavy ay rang wens rack- 
ing, charring or carbonizing. ROSITE 5250 
proved the i material for this Cored 
design, and molded-inserts gave substantial 
benefits to the manufacturer of this electrical 

ce. 


“NEW 


Here are four electrical moldings made from 
ROSITE 3250. They illustrate how ROSITE 3250 
and Rostone engineering can solve difficult 
design problems. We invite your inquiry on 
any specific problem. 


OSTONE CORPORATION 
2405 South Concord Road, Lafayette, Indiana 
Telephone: SHerwood 2-8471 
In Canada: Electro Porcelain Ltd., Waterloo, Ontario 


DUAL VOLTAGE 

TRANSFORMER SWITCH 

Problem: To replace a complex assembly of 
stampings with a single part with multiple in- 
serts, for a 15,000 volt transformer. It must 
withstand long immersion in hot oil without 


h 
protection. Th ROSIE 25 molding with i 
stantially lowered costs. = 


ENGINEERING BULLETINS AVAILABLE” 


SEE ROSTONE — BOOTH 108 AT THE INSULATION SHOW 
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Newly Designed Westinghouse Breakers 


The confusing assortment of letters that tagged the breakers of the past should trouble you no 
more. The reason: clear-cut designations for the new smaller size Westinghouse breaker family. 


New designations mean that specifying is simple . . . identifying each breaker is easy. 
High interrupting ratings in smaller frame sizes mean you save as much as 50% on space. 


The Westinghouse design means that you have extra-long life, unfailing reliability. 





J-30320 


Are Simple to Specify /Easy to identify 


Any way you look at it, the NEW Westinghouse breakers are the ones you'll want to use. 

More information? Contact your nearest Westinghouse representative, Westinghouse distributor, 
your independent panelboard builder... or write Westinghouse Electric Corporation, Standard 
Control Division, Beaver, Pa. 

For a large, plastic laminated wall chart of the new breaker line, write Westinghouse. 

All Westinghouse AB breakers meet or exceed NEMA and UL specifications. 


You can be sure... if it’s Westinghouse (w) 
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NG MA a 
DESI PROBLEMS 
BOND STRENGTH 


The trick is in the adhesive. CDF’s Di-Ciad® printed circuit boards are tested for bond strength in this precision machine. 


CDF has developed special adhesives for bonding 
copper foil to laminated plastic boards. These adhesives 
produce high peel strength, have excellent hot solder 
resistance, etch cleanly, and provide high insulation 
resistance. 


In addition to its own adhesives, CDF makes resins 
and papers. This extends quality control several 
steps beyond simple pressing operations . . . provides 
you with Di-Clad boards of excellent and uniform 
properties. 


CDF manufactures the largest selection of grades to 
meet every major civilian and military requirement. 


In addition to Di-Clad printed circuit boards, CDF has 
special combination materials to solve extra trouble- 
some problems. Example: asbestos bonded vulcanized 
fibre for circuit breaker arc chutes where the fibre 
quenches the arc and the asbestos guarantees fire 
resistance. 


If you don’t see the grade ycu want in CDF’s catalog in 
Sweet’s PD file, write us. 


@ CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -Afws4/ COMPANY * NEWARK 13, DEL. 


in Canada, 46 Hollinger Road, Toronto 16, Ont 


Vibration-free piug bases, fabricated 
by CDF. A special bond of CDF Dilecto 
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High reliability printed circuit 
tary applications. Made from UDF’s 
laminated plastic and rubber base Di-Ciad laminated plastic 


Low-Cost commercial circuits. Made 
trom CDOF's paper-based Di-Clad copper: 
clad larninate 
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TODAY’S BEST 


SLIDE SWITCH BUY... 


...- for Economy —Style — Convenience — Circuit Versatility 


<< 


Write for Stackpole Slide Switch Bulletin 


MEDIUM-DUTY TYPES 


DP-DT 
Spring-Return, No detent 
SP-ST 
ence 88-0 Pushbutton, Momentary, No detent 
$P-DT 
Maintained, With detent 


DP-DT 
Maintained, With detent 


$P-ST a. 
Ce dina Maintoined, With detent 


3-AMPERE TYPES 


eg ++ 88408 
$P-DT 
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3-POSITION 
Maintained, With detent 
4-POSITION wr 
Meee || 
$P-DT SOG FOO 
Spring-Return Plunger, No detent 
DP-OT Ay 
Maintained, With detent Fs SOD 
var a oR a 
Maintained, With detent 


6-AMPERE TYPES 


3-POSITION 
Maintained, With detent 
% as 
Melatelned, With detent ’ 
$P-DT SRO 
Maintained, With detent 


Electronic Components Division 
STACKPOLE CARBON COMPANY 
St. Marys, Pennsyivania 
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How tHE CULUGOWES WIA wepeo 


BUILD A BIGGER SEALED, DRY TYPE TRANSFORMER 


Years ago, after consulting the Silicones Man, a 
major manufacturer designed and built one of the 
first big Class H, sealed, dry type transformers. 
Nitrogen-filled, the unit had what was a phenome- 
nal rating for dry types —1000 KVA, with a tempera- 
ture rise of 160°C —transforming 4160 volts to 440 
volts, three phase. 

The insulation which made this possible was 
UNION CARBIDE R-620 Silicone Impregnating Var- 
nish —today, a standard of the industry. 

Now your Silicones Man continues to introduce 
more “firsts.” For example, UNION CARBIDE XR-65 
Silicone—a 100 per cent reactive resin—for Class H 


Uniocking the secrets of silicones 
Rubber, Monomers, Resins, Oils, Emulsions 


“Bakelite” and “Union Carbide” are registered 
trade-marks of Union Carbide Corporation 
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coils and electrical equipment. This new solvent- 
less resin cures in thick sections at temperatures as 
low as 125°C. Yet it meets AIEE 220°C. ratings, 
withstanding starting and surge loads involving 
temperatures up to 250°C. 

If you have not yet investigated R-620 and XR-65 
Silicone Varnishes for high temperature electrical 
applications, contact your Silicones Man for infor- 
mation. He has o*ces in many cities. Or write 
Dept. LJ-6002, Siticones Division, Union Carbide 
Corporation, 270 Park Avenue, New York 17, N. Y. 
In Canada: Bakelite Division, Union Carbide 
Canada Limited, Toronto 7, Ontario. 


UNION 


Wty SILICONES 
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NEED 
PRE-ENGINEERED 
WIRE’? 


WV IRE 
PACKARD 
KLECTRIC! 


-A SINGLE SOURCE FOR SPECIAL 
AND REGULAR CABLE AND WIRE 


Just give us the specifications. We will work with your 
designers to develop and produce pre-engineered wire, 
such as power cords, to your exact needs. Or, if you want 
regular cable or wire, you can choose from our broad 
line of electronic, aircraft, appliance, marine and auto- 


motive cab'e. And we are one of the largest producers a Electric 


of magnet ire. 


Destin i ’ aimed not atanke , , 
Packard’: tegrated production, from raw materials to Warren, Ohis 


finished products, assures on-time delivery, dependable Ey 


cost- and quality-controls. Remember, whenever you need 
wire .. . wire Packard Electric, Warren, Ohio. “Live Wire” division of General Motors 
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United Eyelets and 
Eyeleting Machines Keep this Princess 
on Constant Call 


The new Princess telephone a product of the 
Western Electric Company is an achievement in 
communication design INSIDE as well as out, 
thanks in part to a United Eyeleting Machine that 
automatically feeds and sets six twin United Eyelets 
in a plastic insulating terminal board no bigger than 
a cigarette lighter. 

United achieved automation of terminal board 
production. Accurate alignment of the setting bar 
and an especially rigid frame unique with the 
Model F United Eyeleting Machine brings uni- 
form pressure to bear on all six twin United Eyelets 
scattered over a broad pattern range. Reliability for 
the lifetime of the Princess was thus assured. 

If you want faster production using greatly simpli- 
fied setups of multiple mechanisms plus absolute re- 
liability in multiple eyelet patterns, call on United 
. .. where over sixty years’ experience in the design, 
development and production of eyelets and eyeleting 
machines, is at your service. 

Your nearest United sales office has full informa- 
tion on the complete line of United Eyelets and 
Eyeleting Machines. Call or write today. 


JAnlted. 


UNITED SHOE MACHINERY CORPORATION 


140 FPEDERAL STREET, BOSTON 7, MASSACHUSETTS 
Branches: ATLANTA, GA. * CHICAGO, ILL. * CINCINNATI, CLEVELAND and COLUMBUS, OHIO * DALLAS, TEXAS * HARRISBURG, PA. * JOHNSON CITY, N.Y. * LOS ANGELES, 
CALIF. * LYNCHBURG, VA. * MILWAUKEE, WISC. * NASHVILLE, TENN. * NEW YORK, N. ¥. * PHILADELPHIA, PA. * ROCHESTER, N.Y. * ST. LOUIS, MO 
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Some Ideas 
| graph papers 


L__—_——— ~~~ KEUFFEL & ESSER Co.-——-—-—-—-—-—-—- 


Choosing That ‘Right Sheet"’ 
What is the graph paper that will do the 
best job for you”? (Actually, there may be 
more than one — dozens perhaps.) We 


Only the finest sheets can really accom- 
plish the complex, accurate work they're 
designed for. That's why we build-in three 
important features: 


A graph can be defined a A picture of 
Often, like that well 
graph is 


a collection of facts 
known Chinese watercolor 


worth a thousand words — or figures 


There's no question that graphs speed up 
comprehension. In some cases, no other 
way exists to show the subtle interaction 
of statistics and data except by graph. It's 
no wonder that legions of engineers, archi 
tects, scientists and businessmen rely on 
graphs and charts to give them the com 


plete information they need 


Ihe big wonder ts that rnore don't know 
ind take full advantage of the fabulous 
variety of graph papers available from 
K&E. This is sort of a crusade with us 

ind has been ever since the turn of the 


century (a billion plus graph sheets ago 


Just The Right Sheet For Vou 
Ihe graph shect shown below is just one 
of thousands of job-matched papers made 
by K&l 


evolved to solve specific needs. The chances 


i 


These are grids and patterns 


re roughly 1000 to | that we have exactly 
the paper you need to chart the statistics 
of your company or job 


could answer that here, but we've already 
done so in a brand new edition of our 
famed K&E Graph Sheet Catalog. Not 
only does this catalog guide you in the 


selection of the sheets you need, it shows 
you — often full size, in color — the pat- 
terns in question. 

We've printed an ample supply of this new 
catalog, and are prepared to send you your 


copy free. Just return the coupon below 


What Makes Graph Papers 
Ditterent ? 
There's a wide gulf of quality in graph 
papers — more than you'd dream possible 


pcaanea! ia SS 
(individual Group in Relation ta 540 Stocks) 


at ar a at a tat 
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i 
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variables at a glance. Here's a typical stock market chart used to study relative market 


on. Center tine is market behavior of 540 


ups of 


cent Resultant chart shows all-important 


stocks over 20-year period. Two basic stock 
25 and 50 individual stocks, averaged, are plotted against market (figured at zero 
slope of curve which far more than gross 


reases tells the story of the stocks’ vitality. No list of statistics, no matter how exhaustive 


uld give the relative interactions shown here 


But if we don't have what you want — if 
we lose that 1000 to 1 bet 
pay off by working with you to create 


we'll gladly 


exactly what you need. We've done this 
thousands of times for other customers 
Just recently it was the U.S. Bureau of 
Standards. We worked with them to devise 


two new sheets for recording the complex 


heat reaction patterns of various insulating 


materials. These two sheets are already 


standards” in the electrical industry 
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This picture is possible only with a graph 
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KEUFFEL & ESSER CO., Dept. EM-12, Hoboken, N. J. 


Please send me your new graph-sheet package with samples of K&E graph 
paper, and the latest K&E Graph Sheet Catalog & Selection Guide 


Name & Title 
Company 


Address 


PRINT. Every K&E Graph Sheet ever made 
was printed from precision-engraved plates 
by the /etter-press process. Offset printing, 
to our way of thinking, relies unduly upon 
the vigilance and skill of the printer. Vari- 
ation from lot to lot is a distinct possibility. 
We have never taken that chance . . . and 
we're the only manufacturer of graph pa 
pers that hasn't 


PAPER. All K&E graph sheets —translucent 
or Opaque —are printed on papers with at 
least 50% rag content—in some cases 
100%. Every square foot of this stock is 
examined in our quality control labs be- 
fore being sent to the printer. Top grade 
paper means that adjustment upward in 
accuracy and long life which is so impor- 
tant to so many people 


PACKAGE. Locating graph sheets can be a 
chore if they're packaged in old-fashioned 
boxes or envelopes where you can't see 
what's inside. Especially true if you use a 
big variety of sheets. Solution: the new vis- 
ual package offered by K&E. The package 
has a “window” in front so you can see the 
sheet inside. In addition. there's a full de- 
scription of the style, number of grids. line 
color, type of paper, etc. printed on three 
sides of the package. Designed to serve as 
a file folder, the package can be stored flat 
if desired. 


‘eT gelola) ule 


| 


We'd like you to see this new package, and 
a representative sampling of K&E graph 
sheets you can more than likely put to 
immediate use. This too is yours free just 
for returning the coupon below. 


And for all the facts about graph pa- 
pers, and any other of the 9,000 prod- 
ucts made by K&E, see your nearby 


K&E dealer. 


ace 
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How General Electric’s 755 czao motor gives you MORE THAN A MOTOR... 


WY 


IT’S 10 TO 1 THE MOTOR YOU 
NEED IS IN THIS PICTURE 


Good odds, aren’t they? 

And true. The Tri Clad 
shown above will meet an estimated 91 percent of all 
applications for small integral-hp motors. Add to this 
literally thousands of electrical variations possible and 
you can see: There’s an exact Tri/Clad ‘55’ motor for 
your application. 

You may choose the rugged, versatile Tri Clad ‘55’ 


‘55’ motor constructions 


standard motor. Or, if yours is a special application, 
there’s a complete line of industry-specified motors to 
choose from. Also, G-E engineers will help you tailor a 
Tri/Clad ‘55’ motor to meet unusual requirements 

Why not investigate the full line of General Electric 
Tri Clad ‘55’ motors today? You'll find Tri Clad ‘55’ 


motors give you more than a motor in out 
standing performance characteristics and many unpaid 
for ‘“‘extras.’"’ Contact your nearby G-E Apparatus 
Sales Office or write Section 840 29, General Electric 


Co., Schenectady 5, N. Y 


Other ''More Than A Motor"’ Benefits of G-E Tri/Clad 
‘55’ Motors: On-time Delivery e¢ Expert Application 
Aid e Fast, Local Backup Service e Constant Design 


Innovation e Durable, Long-life Performance. 


GENERAL @@ ELECTRIC 





A FULL LINE of General Electric Tri ‘Clad ‘55° motors means you can get the right motor for every application. 


FULL LINE of Tri/Clad motors includes: (A) Footed dripproof, 
polyphase (B) C-face, close-coupled pump (C) Explosion-proof, 


non-vent (D) TEFC (E) Vertical, hollow-shaft (F) Vertical, solid 
shaft, P-base, single-phase (G) Vertical, solid shaft, P-base, poly 


phase (H) Enclosed, air-over (1) Single-phase, general-purpose 
J) Hydraulic pump (K) Dripproof, resilient base (L) Single-phase, 


farm motor (M) Explosion-proof, fan-cooled (N) C-face, round 


frame (O) Brake motor (P) Enclosed nonventilated, polyphase 
(Q) TEFC, severe-duty (R) Thinline, enclosed (S) Fan-cooled, 


single-phase. All give Tri/Clad ‘55’ motor quality 


4 


A GENERAL ELECTRIC APPLICATION ENGINEER, working 
with your engineers, can provide valuable assistance in 
helping you solve unusual motor application problems. He 
can bring years of integral-horsepower motor experience 
and knowledge into action for you. 





FLEXIBLE ‘BUILDING BLOCKS” 
FROM SANBORN 


meet YOUR oscillographic recording needs 


St 
& 


a i301 3 ef TTT 
RESPONSE ACCESSORIES TRANSDUCERS 


INTERCHANGEABLE DC TO 150 CPS with heated PORTABLES - single channet Chart Viewer 8 channel, 17° 


PLUG-IN PREAMPS stylus traces on rectangular 
50". 350". 150" STYLE coordinate charts either OC amplifier ‘Model 299 Monitor Meter Phase Shifter 


rief case’ systems — Monitoring Oscilloscope 


c = 2 r AC strain gage amplifer 4. to 32-channel event 
arrie ase Sensitive De DC TO 5000 CPS =i oon Mode! 30! oéere 


modulator DC Coupling 650" optical instant readout 
z 2 dou 
oot yen recorder MODEL 320 separate OC ar 


“onn “ten ifers, 4-speeds, 50 mm wide 
350", “150” STYLE X-Y RECORDING at writing | noncen 
400 cycle Frequency Deviation 


speeds up to 2500" sec with the 

Logarithmic types Model 670 optical X-Y recorder RACK-MOUNTED 2 channe 
“150” STYLE Mode! 297 system with plug-in 
AC-DC AC Wattmeter preamps Mounts in 104” rack 
RMS Volt Ammeter Fre 
quency Meter Stabilized DC 1. TO 16-CHANNEL 

Triplexer t 

aoe MOBILE SYSTEMS — “150 

SINGLE-CHASSIS 6- OR 8- 350" and 850" series with 
CHANNEL AMPLIFIERS plug-in preamps 950" sys 


tem with 6- or 8-channel ampli 


space or separate portable case 


950” series high and low gain 
types 650" medium gain 
type for Sanborn or other optical 
recorders 


fier 650" system with 6. or 
8-channel amplifier and optical 


recorder 


Complete details of Sanborn recording instruments are avatiable from Sanborn 
Sales-Engineering representatives located in principal cities throughout the 
United States, Canada and foreign countries. or write 


SANBORN COMPANY @ INDUSTRIAL DIVISION 


175 WYMAN STREET, WALTHAM 54, MASS. 
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SILICONE RUBBER 
COIL WRAPPINGS 
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Whatever the job... ERMACEL 


NEW BRUNSWICK, NEW JERSEY + TAPES: ELECTRICAL INSULATING MATERIALS> ADHES'VES 


The Westinghouse control transformer is your profit-maker special. When you build The Black Line into your 
control, you immediately hook up to a transformer that will make your control work better and harder for your 
customer—more dependably, too. Sound like a big order? It is—and The Black Line of Westinghouse control 
transformers really delivers. They are ideally suited for almost all machine tool and other control applications. 
Offered in a wide range of voltages, standard, stocked Black Line ratings (types LC, SD, LCO and MTB) will cover 
about 90 percent of all voltage requirements. The SD line is primarily designed to meet limited space require- 
ments for control panel use. 

The Black Line uses Class A insulation. The assembled core and coil are thoroughly impregnated with 
Bondar®, a dust- and moisture-resistant insulating varnish development of Westinghouse research. Additional 
protection is available on all type MTB Black Line transformers with easy-to-mount fuse blocks. On 1.0- to 
1.5-kva ratings, the Quicklag® circuit breaker can be easily added. 

For control transformers that build quality and profit into your control—get aboard the Westinghouse Black 
Line today. And only Westinghouse can offer overnight delivery to practically any point in the U.S. Your West- 
inghouse representative has complete information. Or, write Westinghouse Electric Corporation, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. 


J-70045 
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precision engineered 
contro/ switches 


designed with 
brand new features 


Keeping pace with design engineers, Circle F 
offers modern control switches for every possible 
application. New economies are now 

possible through the use of standard switches 
readily modified to meet any particular 
specification. Circle F’s advanced standards 
of quality-controlled manufacture makes 
possible assembly-line production of 
highest quality “custom-made” switches 
in less time and at lowest costs. Whatever 
your need, write Department § for 
fullest information and helpful 
engineering assistance. 


M-1886-L4P 1885-6 


NEW “PADDLE” NEW THREADED 
HANDLE SWITCH PLUNGER SWITCH 
for any cap 


we 


CIRCLE F's 

“Fine” Silver Contacts 
reduce arcing on 
slow-make, slow-break 
AC and insure long, 
dependable switch life. 


F CIRCLE F MFG. CO. 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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Butyl rubber insulates modern bus duct systems. 


Butyl rubber insulates modern high-voltage transformers. 


ENJAY BUTYL 


best way to handle electricity 


Enjay Butyl tops all vulcanizable 
rubbers in electrical and dielectric 
properties ... in resistance to corona 
and ozone breakdown and water ab- 
sorption. Its high dielectric strength 
insures against electric breakdown 
under normal! or surge voltage. Its 
heat resistance permits higher cur- 
rent flow for a given conductor size. 
Butyl also offers outstanding resist- 


EXCITING 


ance to weathering and sunlight... 
chemicals . . . abrasion, tear and flex- 
ing ... superior damping properties 
...unmatched impermeability to gases. 
Result? Butyl is ideal for wire and 
power cable, transformers, tapes, bus 
bars, and other insulation applications. 

Find out how this versatile rubber 
can improve your product. Contact the 
nearest Enjay office. Home Office: 15 


NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


DECEMBER 1960 
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West 5ist Street, New York 19, 
N.Y. Other Offices: Akron Boston 
Charlotte * Chicago* Houston« Los 
Angeles « New Orleans « Plainfield, 
N. J. « Southfield, Mich. « Tulsa 





MOTORS 


tte ae s termiut 


DuPont Mylar 


cell insulation 


Lightweight, die-cast 


aluminum aa male ek 


4. Dependable, silent 


‘mr abaabiel etme a lems 


5. Precision die-cast 


aluminum rotor 


6. Choice of sleeve or 


fully sealed ball bearings 


Precision machined 


rigid steel! shell 


Choice of rigid 


resilient or face mountings 


R & M Fractional Horsepower Motors are packed 
with Competitive Advantages for your product! 


Rossins & Myers “Model R” fractional HP motors, avail- 
able in NEMA frames 56 and 48, are engineered and 
manufactured to give your product every possible com- 
petitive advantage so far as power is concerned. Each 
design detail results in superior performance and long 
trouble-free life, even under the severest operating condi- 
tions. They are smaller due to a more efficient ventilating 
system and lighter because of new applications of aluminum, 
steel and copper. 

You have wider design versatility too, because they are 
available off-the-shelf in a broad choice of bearings, mount- 
ings, ratings, speeds and electrical characteristics. 

These up-to-date design features, coupled with careful 
quality control at each manufacturing step, give you a 
modern motor you can rely on for all your powering needs. 
Also, if your needs indicate a custom designed motor Rob- 
bins & Myers welcomes the opportunity to discuss your 
quantity requirements. 

Learn all about the many advantages R&M motors offer 
you by writing today for Bulletin 450 EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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MOTORS 


1 thru 200 horsepower 
(other ratings 1/200 to 1 h.p.) 


Longer Life because High Velocity 
“‘Dual-Sweep"” ventilation Cools and Cleans! 


Ropsins & Myers “Dual-Sweep” 

ventilation is a new concept in high 

velocity internal cooling and clean- 
ing, designed to greatly prolong motor life. Tandem fans— 
one pushing, one pulling—create end-to-end ventilation that 
eliminates “dead” areas and converging air currents which 
deposit dirt. Venturi baffles at each end of the motor direct 
air in a washing action over and around end coils where 
it's most needed. Passages between field and outer shell form 
a “cylinder of air” which carries off motor heat. 

RaM motors’ long-life insurance also includes these fea- 
tures: Mylar* insulation that has 8 times the dielectric 
strength and 35 times more moisture resistance than ordi- 
nary paper insulation . . . double width bearings with 
extra-large grease capacity . . . end heads that offer full 
height protection . . . removable caps for quick bearing in- 
spection and re-lubrication, For details, write today for 
Bulletin 520 EM 


* DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO +» BRANTFORD, ONTARIO 
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Replacement 
takes only 
20 seconds! 


HOW MICRO SWITCH 
“Plug-in Limit’ switches 

keep selling 

your machines... 


The limit switches you specify on your machines can be salesmen or “sore 
spots.” That’s why more and more machine tool builders are depending on 
MICRO SWITCH reliabiliry. And, MICRO now offers the most complete 
line of “Plug-in Limit” switches in the industry. These timesavers offer 


many special advantages when you specify them for your equipment 


1. MEASURABLE DOLLAR SAVINGS 


Actual case histories prove the 20 second replacement time sometimes saves 
hundreds of dollars in production time over ordinary limit switches. The 


switching unit plugs in like a radio tube. Receptacle need not be removed 


Your customers will apprec iate this reduction of Own time 


2. NINE DIFFERENT ACTUATORS 


The one receptacle is designed for any of the nine styles of actuators 


Flexibility for the design of your machine; adaptability later if necessary 


3. AUTOMATIC STATION CONTROL 


Your customer will be able to automatically disconnect any station on his 
line by simply pulling out the correct MICRO “Plug-in Limit 


4. BEST SEALS AVAILABLE 


The “O” Ring and gasket seals on these switches are the best available 


Greater reliability for your machines, important because with customers, 


every actuation of a switch is a test of your equipment 


arhy MICRO SWITCH 
OOLS” Series “Plus 
Or, write for ¢ atal; g 54 


ELECTRO-TECHNOLOGY 
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MICRO SWITCH Precision Switches. 


eos 


The “200LS" line has rugged terminal blocks with heavy No. 8 ter- 
minal screws for easy wiring and sturdy, molded barriers to pro- 
tect plugs from damage. Operating head mounts in four positions 


5. FLEXIBLE MOUNTING 


May be side-mounted or back-mounted for a possibility of 24 different 
mounting arrangements 


. WIDER SELECTION 


MICRO SWITCH offers many variations to fit specific needs. All have the 
same receptacle size for easy interchangeability. There's sure to be a model 
that fits your design needs 


MICRO SWITCH FREEPORT, ILLINOIS 


A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


24 different 
mounting 
arrangements! 


| Honeywell 
uw} MICRO SWITCH Precision Switches 
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FAGISFABOUR 


MYCALEX CORPORATION OF AMERICA 


... the world’s largest manufacturer of glass-bonded mica, ceramoplastic and synthetic 
mica products . . . important and versatile materials used to solve high-temperature 
insulation applications up to 1550°F in electrical, electronic, and nucleonic industries. 


Machinable formulations: 
SUPRAMICA® 620 ceramoplastic SUPRAMICA 500 ceramoplastic 
MYCALEX® 400 glass-bonded mica MYCALEX 385 glass-bonded mica 


Precision-molded formulations: 
SUPRAMICA 560 ceramoplastic SUPRAMICA 555 ceramoplastic 
MYCALEX 410 glass-bonded mica MYCALEX 410X glass-bonded mica 


Affiliated Companies 


MYCALEX ELECTRONICS CORPORATION 


. -- manufacturer of electromechanical commutators for time-division multiplex tele- 
metering, timing, and control switching. Since 1948, when MyCALex ELECTRONICS Cor- 
PORATION pioneered the first precision-molded MYCALEX 410 glass-bonded mica, 180- 
contact commutator plate, MyCaLex switches have introduced exceptional accuracy 
and dependability never before approached in mechanical switching. Recent advances 
have produced commutators with as many as 450 contacts on a 3” commutation plate. 


COMMUTATION SWITCHES COMMUTATOR PLATES 


SYNTHETIC MICA COMPANY 


..- in 1955, MyCALEx CORPORATION OF AMERICA formed the Synthetic Mica Company 
and opened the first plant in the world for commercial production of synthetic mica— 
freeing America from any threat of a critical mica shortage in war or peace. Now indus- 
try and the military are assured an adequate supply of this critical and basic material. 

An intensive and diversified Research and Development Program is carried on by 
MyYCALEX CORPORATION OF AMERICA at its technical center located at the Synthetic 
Mica Company facility. This broad scale program is constantly developing new manu- 
facturing techniques and materials to supply the ever-increasing demands and rigorous 
requirements of the electronics and allied industries. 


SYNTHAMICA® 202 synthetic mica SYNTHAMICA paper (with and without binder) 
And other synthetic mica formulations . . . for use up to 1832°F. 


MYCALEX TUBE SOCKET CORPORATION 


. . - produces a superior line of miniature and subminiature tube sockets and transistor 
sockets, precision-molded of glass-bonded mica and ceramoplastic. These advanced 
components feature close tolerances, low dielectric loss with high dielectric strength 
and high arc resistance. They exhibit high dimensional stability over wide humidity 
and temperature ranges. 


TUBE SOCKETS TRANSISTOR SOCKETS 


Engineering and Design Assistance 


From its inception, MyCALEX CORPORATION OF AMERICA has maintained a staff 
of experts in the production and engineering of electrical and electronic insulating 
materials. Their experience includes both commercial and military projects, and present 
activities encompass both applied research and product development. Mechanical and 
chemical skills are available to assist customers in the design and evaluation of com- 
ponents for virtually all insulating purposes. You are cordially invited to make use 
of these and our other services, established for your convenience. 


General Offices and Plant: 131 Clifton Blvd., Clifton, N. J 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y MYCALEX 
CORPORATION OF AMERICA 


World's largest manufacturer of glass-bonded mica, ceramoplastic and synthetic mica products 


82 Circle 170 on Inquiry Card ELECTRO-TECHNOLOGY 





Tung-Sol tubes help CHICAGO AERIAL 
keep ‘copter blades on “right track” 


Chicago Aerial Industries’ automatic Electronic 
Blade Tracker brings new standards of accuracy 
to the critical job of tracking helicopter blades to 
assure that they are all rotating in the same plane, 
or track. Proper rotation means smoother flight 
characteristics, minimized vibration, reduced struc- 
tural stresses and lower maintenance costs. It vir- 
tually makes obsolete the manual flag-tracking 
method. 

The Tracker uses range finding principles to 
triangulate for each successive blade height. Elec- 
trical signals generated by photo-cells in the 
electro-optical pick-up positioned beneath the 
rotating blades are fed to a computer analyzer. 
These signals are then converted to de voltages 
proportional to blade height, which registers on 
the front-panel meter. 

Because rigid standards of reliability are man- 
datory for this equipment, Chicago Aerial selected 
Tung-Sol tubes to handle the vital regulation 


function in the conversion network. Tung-Sol 
5687 series regulator tubes minimize any variations 
in output voltage due to load current or line 
voltage changes. Both tubes maintain 150 volts 
+ 1 volt insuring the most precise readings. 

CAI adds still another name to the growing list 
of manufacturers who are calling upon Tung-Sol 
tubes and semiconductors to deliver top per- 
formance reliability. Like CAI, you can get the 
benefit of Tung-Sol component know-how, too. 
Tung-Sol makes a component for virtually every 
industrial and military requirement. Our applica- 
tions engineers will be glad to make an impartial 
recommendation for the component complement 
that will best satisfy your design needs. Tung-Sol 
Electric Inc., Newark 4, N. J. TWX:NK 193. 
Technical assistance is available through the following sales 
offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif. ; 
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, 


N. J.; Melrose Park, lll.; Newark, N. J.; Philadelphia, Pa.; 
Seattle, Wash. Canada: Toronto, Ontario. 


‘s) TUNG-SO 
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A NEW HYDRAULIC-MAGNETIC BREAKER 
NO BIGGER THAN A POCKET LIGHTER 


Light ... small... a snap to install! This 14%-ounce circuit 
breaker can help you out of a tight spot, if you’re cramped 
inl ; for component space. Only 244" x 5%” x 24%” overall, it can 
; take the place of both a fuse and a switch—and save you 
installation time and trouble, in the bargain. A single half- 
inch hole is all you need for mounting, and there are only 
two connections to make, instead of four or more. (The 
breaker’s “universal” terminals let you use the kind of con- 
nection best suited to the job, too—soldered, solderless, or 
screwed.) You can have this breaker in any integral or frac- 
tional current rating from 0.050 to 15 amps, at 110V, 60 or 
400 cycles AC, or 50V DC. Whatever rating you spec will be 
: decimal-point precise—and permanent (you don’t have to 
(ya! de-rate the hydraulic-magnetic breaker for high ambient 
See L) temperatures). Bulletin VP will give you more information. 
A word from you will put a copy in the mail. 


— ELECTRIC COMPANY <> 101 BRUNSWICK PIKE, TRENTON 2, N.J. 
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Product-Design 
BRIEFS 
from Durez 


MIND OVER MOTOR 


This phenolic fan will help an electric 
motor run cool and quiet for years to 
come. 

It won't warp out of shape if the mo- 
tor toils for hours in the hot sun or sits 
idle for days in a damp cellar. It won't 
rattle or hum 

To the men who make the motor, it 
means a better product; the right blade 
contour with no machining. Precise 
concentricity and balance, molded in. 
Light weight. 

Perhaps you could use these advan- 
tages of Durez phenolic in one of your 
products. Your custom molder will be 
glad to talk with you about it. 


THE SROWNR.OF eutver co 


DECAR PLASTIC CORPORATION 


LESSON IN LAMINATES 


Think back—to a classroom of desks 
with varnished ink-stained tops gouged 
with the initials of your predecessors. 

Then think ahead, as the makers of 
school furniture are doing. They use 
tough plastic Decarlite desk-top sand- 
wiches—laminates that take pupil pun- 
ishment in stride. The best of these 
have a layer of Durez phenolic in them. 

Lesson for today: if you want a lam- 
inate to be stiffer and harder, to be di- 
mensionally stable, to last longer and 
hold its shape better, think of Durez 
phenolic resins. They’re low in cost. 
They bond, impregnate, harden—and 
stay that way for keeps. If you'd like to 
know more about what these versatile 
resins can do for you, write us describ- 
ing the problem. 


BRAIN FOR A BOMBER 


This is a read unit of a latitude data 
computer, part of the B-52’s intricate 
bombing-navigation system made by 
IBM. 

Engineers had trouble molding one 
part (arrow). They were using a plas- 
tic which required a high molding pres- 
sure. This high pressure damaged the 
steel part of the pin assembly by forcing 
it into the locating portion of the mold. 

A switch to a Durez diallyl phthalate 
molding compound was the answer. 
This material molds at lower pressures 
and provides the right physicals with 
virtual freedom from cold flow and 
creep. 

When you want reliability in a sys- 
tem—with no room for compromise—a 
Durez diallyl phthalate compound may 
be your solution, too. For data on these 
premium-quality materials, write us or 
check the coupon. 


18M FEDERAL SYSTEMS DIVISION 


For more information on Durez materials mentioned, check here: 
Phenolic molding compounds—descriptive Bulletin D400 
Phenolic resins—illustrated bulletin describing uses 
Diallyl phthalate molding compounds—data sheets 

Clip and mail to us with your name, title, company address. 

(When requesting samples, please use business letterhead.) 


DUREZ p.iastics DIVISION 


1312 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 


rtd a 


CHEMICALS 


PLASTICS 
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New Century Electric motor 
starts on 50% 


Here is the answer to power company 
limits on starting current for single phase 
motors ... a new Century Electric capa- 
citor-start motor with a really low starting 
current. In the 20 hp size the starting cur- 
rent is 220 amps. . . as low as that for a 
normal 10 hp motor. 


Applications — This capacitor-start, 
capacitor-run motor provides dependable 
starting and operating power for crop dry- 
ers, large irrigation pumps, hay dryers and 
machines started on an open clutch. Be- 
cause of the high cost of running three 
phase power to isolated areas, most utilities 
prefer to supply single phase power . . . and 
this new motor means that users can have 
sufficient single phase horsepower for this 
type of equipment. 


Specifications — You can get this new 
Century Electric motor in 744 to 20 hp 
sizes. It is available in 1200 and 1800 rpm 
speeds at 230 volts. Totally-enclosed, drip- 
proof and explosion-proof enclosures are 
also available. Mounting dimensions are 
shown on the chart below. 


less current 


Design features — Wire insulation on 
the new Century Electric CPF motor is 
vinyl acetal resin . . . slot cell insulation is 
bonded “‘Mylar” . . . combination gives 
tough mechanical protection, high dielec- 
tric strength and resistance to moisture. 
Motor is smooth and quiet running because 
of rigid cast iron frame. Rotor lamination 
is skewed for smooth start and quiet opera- 
tion. High pressure aluminum casting gives 
rotor winding bars high density. Capacitor 
box comes in separate weather-protected 
enclosure . . . means it can be mounted 
conveniently next to control device or 
wherever space can be best utilized. 


For more information on this new ca- 
pacitor motor contact 
your nearest Century 
Electric Sales Office or 
Authorized Distributor. 
For detailed informa- 
tion on motor applica- 
tions write for the new 
Century Electric Motor 
Application Guide. . . 
bulletin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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MOUNTING DIMENSIONS 
for new Century Electric capacitor-start motor. 


TYPICAL SPEED-TORQUE curves for Century 
Electric Type CPF motor, compared with standard 
Type CP unit of similar capacity. 
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oe yer ON MOTOR CAPACITORS — 


eiviion ot P. R. Matiory & Co. tne 


Problem-solving service 


When design and application 
problems turn up, turn to Mallory 
for expert technical assistance. Our 
capacitor engineers will be glad to 
help you find the solutions. Write, 
wire or phone today...it may 
point the way to product improve- 
ment and lower costs. 


Clock-stopping service 


For hurry-up delivery, you can’t 
beat Mallory. Our modern, stream- 
lined assembly methods let us 
perform near miracles on emer- 
gency shipments. The two weeks 
normal! delivery time often can be 
cut to three days to help you avert 
a production line crisis. Large or 
small, your “needed-yesterday” 
orders get the same speedy 
attention. 


Cost-cutting service 


If you use the PL or PLA Cap 
with HB Bracket for mounting 
motor capacitors, you may be able 
to save money by punching your 
appliance chassis to simulate the 
bracket. This is especially effective 
for off-motor mounting. Your 
Mallory capacitor specialist will 
be happy to help you work out 
the details. 
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MALLORY MOTOR CAPACITORS 
long life stretched still further 


Constant monitoring by quality 
assurance testing, plus continuing 
examination for possible design 
improvements, has given Mallory 
motor start capacitors a reputa- 
tion for advanced engineering. One 
of the results has been a long 
reliable service life. 


Life assurance is regularly demon- 
strated by subjecting production 
lot samples to cycling tests simu- 
lating 100,000 motor starts, with 
special testing proving their 
capability to as much as 250,000 
starts. Now, even this extraordinary 
life span has been extended. 
Improved design of the top retainer 
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ring provides a more positive seal, 
with resulting increased life 
expectancy. 
Performance-proved Mallory 
motor capacitors have a failure 
rate in warranty of less than 0.1% 
the result of over 25 years’ 
development and manufacturing 
experience, plus rigid quality con- 
trol by laboratory testing and 
100°% production-line testing dur- 
ing rolling, before and after 
encasing. 
Mallory motor start capacitors 
assure long, dependable life... 
eliminate warranty period replace- 
ment costs. 
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verity 
events 
permanently 
in 
milliseconds 


Brush Operations Monitors’ response to signals is virtually instantaneous—less than 4 milliseconds. 
Multiple high-speed events are clearly defined from start to stop, on a common time base—and at rates up 
to 500 per second. Portable 30 channel or rack-mounting 100 channel models record sharp reproducible traces 
with fixed-stylus electric writing that provides the utmost in reliability. “Built-in” transistor switching to 
eliminate relays is optional. No direct writing recording system can match the capabilities of Brush Operations 
Monitors for industrial and military analysis 


and control. Write for complete specifica- hy h 
tions and application data. rus INSTRUMENTS 


DIVISION OF 


37™ AND PERKINS CLEVELAND 14, OHIO 
CLEvVT"’ ‘on 





compact 

transistor switching — 
for * 
millisecond 


monitoring 
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The new Brush Trans-Switcher eliminates relays—greatly simplifies your problems of operations monitor- 
ing. Designed to take full advantage of the fast response and high resolution of Brush Operations Monitors, 
this compact, solid-state switching unit accepts up to 100 different ‘“‘on-off’’ signals in a broad range of 
pulse shapes and amplitudes. Interchangeable, plug-in decade boards are designed to accept different 
voltage ranges and modes of operation. Avoid the “black box’’ approach—specify the standard Brush 
Trans-Switcher for the ultimate in precise, reli- f 

able monitoring. Write for complete details. rush INSTRUMENTS 


377 AND PERKINS | CLEVELAND 14, OHIO 
i « 
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the strong case for Centricores 


When you're considering magnetic cores 
it pays to get down to cases. The sturdy 
aluminum case for Centricores assumes 
special importance where impact, vibration, 
heat or mechanical pressure could cause 
trouble in a control loop you're designing, or 
where you want to miniaturize an inductive 
component. 


The case is ruggedly rigid, so that you can 
apply your circuit windings without danger of dis- 
torting the core’s magnetic properties. And the case 
is absolutely leakproof. You can vacuum-impregnate 
Centricores without danger of their damping oil 
leaking out or foreign matter leaking in. The tightly 
sealed case also guards against leakage in applications 
where high ambient temperatures are present, or 
where Centricores are used in rotating equipment. 


N AGNETIC 


PERLE 


ETALS 
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Here’s a tip on miniaturization. The rugged 
design of the Centricore case permits use of a thinner 
gage aluminum that shaves fractions of an inch off 
their size—fractions that can add up to precious 
inches where you want to scale down component 
dimensions. Centricores are the slimmest magnetic 
cores on the market. 


Centricores are the most uniform. They 
give the exact performance you want, from core to 
core and lot to lot. Their remarkable consistency in 
insulation, dimensions, squareness, thermal stability 
and gain is the product of unique quality controls 
that begin with the very selection of raw materials 
and extend through final testing. 


Write for complete data. Centricores are avail- 
able from stock from our East and West Coast 
plants in all standard sizes and magnetic qualities, 
and in both aluminum and phenolic cases. We will 
match them within 5 per cent over the entire 
voltage-current loop, in sets, units or in multiples 
up to twelve. Write for detailed specifications today. 


Magnetic Metals Company 

Hayes Avenue at 2ist Street, Camden 1, N.J. 

853 Production Place, Newport Beach, California 
transformer laminations + motor laminations « tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 


JA 
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Broadness of Sprague’s Line 
of Precision Toroidal inductors 
Offers Standard Units 


Special Engineering 
Section Maintained 
for Design and 


for Practically Every Application Development of 
Pulse-forming Networks 


ESIGNED FOR USE in com- 

mercial, industrial, and military 
apparatus, Sprague Precision Toroid- 
al Inductors are customarily sup- 
plied to the close inductance toler- 
ance of +1%. The broad line of 
Sprague Precision Toroidal Induc- 
tors includes such styles as open 
coil, plastic-dipped, rigid encapsu- 
lated inductors with tapped or 
through-hole mounting, and hermet- 
ically-sealed inductors. 

All styles, with the exception of 
the open coil type construction, meet 
the appropriate requirements of 
Military Specification MIL-T-27A. 

Sprague Precision Inductors are 
manufactured in modern plants 
which are equipped with the most 
up-to-date facilities for winding, 
processing, and testing the cores. 
Production instruments used in the 
manufacture of Sprague inductors 
are calibrated periodically to assure 
desired levels of accuracy. Quality 
control and inspection departments, 
which function independently of 
each other, maintain close surveil- 
lance over all production operations. 

Several core permeabilities may 
be obtained in each of the five basic 
sizes of Sprague inductors to give 
the circuit designer the optimum 
selection of desired Q and current 
carrying abilities. Further, each of 
the core sizes is available with sev- 
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eral degrees of stabilization. In- 
ductors made with cores which have 


not been subjected to the stabiliza- | 


tion process exhibit low inductance 


drift with time and have a low tem- | 


perature coefficient of inductance. 
Where a greater degree of perma- 
nence of characteristics is required, 
cores with two different stabilization 
treatments can be used for most 
types of inductors. 

All standard inductors by Sprague 
may be operated over the tempera- 
ture range of —55 C to +125 C. 


’ Temperature cycling of finished in- 


ductors is a standard production 


procedure in order to equalize in- | 
ternal stresses and insure perma- | 


nence of electrical characteristics. 
In those cases where the extensive 


| 


line of Sprague standard inductors | 
is unsuitable for a particular applica- | 


tion, the Special Products Division | 


of the Sprague Electric Company 


will be glad to work with you to | 


custom-tailor designs to meet specific 
customer requirements. 

For detailed information on stand- 
ard ratings, package sizes, Q, current 


carrying abilities, properties, etc., | 


write on company letterhead for 
portfolio of engineering data sheets 
on precision toroidal inductors to 
Technical Literature Section, Sprague 
Electric Company, 307 Marshall 
Street, North Adams, Massachusetts, 


EHIND this door, the Sprague Electric 

Company, North Adams, Massachu- 
setts, maintams a highly-technical special 
engineering section devoted exclusively 
to the design, development, and manu- 
facture of pulse capacitors and pulse- 
forming networks. The many complex- 
ities of these highly-specialized units 
demand that they be handied by a 
highly-specialized organization, For 
this reason, Sprague has been, from the 
beginning, a supplier of 
pulse capacitors and networks for radar 
equipment (ground, aircraft, 
missile), tube testing, and similar pulse 


very major 


marine, 


circuit applications. 


This special engineering section per- 
forms four important functions: One 
group designs custom units in accordance 
with required parameters, Another group 
builds pulse capacitors and networks to 
these precise specifications. In another 
area, a group of specially-trained field 
engineers provides application assistance 
wherever needed. And yet another inde- 
pendent group works toward the future 
developing new materials, new design 
concepts, and new techniques for man- 
ufacture, enabling Sprague to introduce 
product improvements such as heliarc 
sealing of cases, rugged alumina bushing 


Fabmika 


improved hermetic sealing of closures 


assemblies, dielectric, and 


Save time and money by working 
with Sprague from the start. Application 
engineering services are available to you 


without obligation. 


Write for Engineering Bulletin No. 
10,001 to Technical Literature Section, 
Sprague Electric Co., 307 Marshall 
Street, North Adams, Massachusetts. 
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—You Helped Us Win This Award 


Wer wish TO SHARE with our readers the pleasure and pride 
we take in receiving the “First Award for Editorial Achieve- 
ment” in a contest among industrial magazines conducted 
by Industrial Marketing, the magazine devoted to selling and 
advertising to business and industry. The award was made 
to Erectno-Tecunotocy (formerly Electrical Manufactur- 
ing) for the best series of articles published during the 
eighteen-month period from January 1959 through June 30, 
1960. The series (you guessed it!) is our Science & Engi- 
neering Series in the yellow pages run each month since 
January 1959 

To gain this award, Ecectro-TecuNnoocy had to convince 
the contest judges that this Series had gained outstanding 
acceptance by you-—its readers. We summarized your re- 
sponses under “Evidence of Attainment of Objectives”—the 
evidence was overwhelmingly in favor of the series, and car- 
ried great weigul wath the judges. You gave us your reac- 
tions in spontaneous letters, in personal orders for reprints of 
the articles, on reader requalification forms, and in continuing 
requests for personal copies of the magazine. 

When the editors planned this series back in 1958, their 
intent was to provide readers with the basic principles of 
science and mathematics underlying the practical problems 
of current design-engineering applications and advanced 
engineering analysis. In the light of our exploding technol- 
ogy, they examined subject ideas, pretested them among 
a random selection of readers, then pruned the list in line 
with their own judgment and knowledge of the field. Picking 
authors and working with them was the next vital step. 
Scope of the subjects had to be staked out in terms of 
readers’ problems. Above all, the viewpoint had to be care- 
fully slanted to engineering practice in the carefully defined 
field reached by Evectro-TecuNo.ocy. 
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All the editors participated in guiding authors to fill the 
need-to-know of designers of components, systems and 
products. Although the editors are competent in their own 
specialties to author Science & Engineering articles, they 
sought—and they still seek—collaboration with outside 
authorities. 

The final test of the value of the work of author and 
editor is reader reaction. Month after month, for the last 
two years, you readers have indicated your need for these 
basic articles. You have endorsed the concept of “principles 
and practice” as a publishing philosophy: the /ndustrial 
Marketing award confirms your judgment. 

Certainly the editors and the publisher are being en- 
couraged every day to continue this series on fundamentals. 
This we intend to do. In fact, the editors have mapped out 
a program that even now carries the series knee-deep into 
1962! Along with reader encouragement have also come 
specific suggestions for future subjects. Nothing pleases the 
editors more. 

We are proud of the editors for the award they received, 
but our pride runs deeper than a bas-relief bronze. What 
we really prize is the genuine acclaim of our discriminating 
readers and the assurance that we are making a contribu- 
tion in this technological age. As long as the need-to-know is 
there, we will do our best to supply at least some of the 
answers. 


y 
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Publisher 
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Computing Machines 


in Control Systems 


Because the editors believe good communications among control 
engineers, systems designers, and computing-machine experts to be 
of vital importance, ELECTRO-TECHNOLOGY is sponsoring a series 
of panel discussions among experts representing control engineers 
and systems synthesists, control system users (who set the require- 
ments), computing machine experts, and the academic world. The 
interchange of their ideas will be published in future issues of 
ELECTRO-TECHNOLOGY as a Forum-in-print. In this issue, the prob- 
lem caused by the present lack of good communications is presented. 
followed by an introduction to the role of computing machines in 


control systems. 


ALICE MARY HILTON 
Associate Editor 


The Problem: 


THERE ARE INSTANCES in the history of science and engineer 
ing from which it is possible to predict extremely significant 
technological developments. In one short decade crammed 
full of exceptional advances, digital computation has grown 
from toddling infanthood to brilliant maturity. In this same 
time period, the growth of control technology has been char- 
acterized by slow but steady development, with emphasis on 
improving techniques for the synthesis, analysis, and simula- 
tion of complex control systems aided by analog and digital 
computing machines. Significant advances in high-speed data 
processing, the growth in analog control technology, and the 
phenomenal development of hig!-speed scientific computa- 
tion provide the basis for a climb to unprecedented heights 
in control computation. To climb these new heights, digital- 
computer engineers and control engineers must learn to 
understand one another and form a team. It is true that, at 
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Blocks to Communication 


this time, the majority of control engineers is oriented 
primarily toward analog technology and only the most clear 
sighted among them have teamed with digital-computer 
groups and are starting the climb 

There are, of course, reasons (or, at least, causes) for 
this delay. One concerns levels of funding and management 
attitudes in industry. The military, with a fierce competitive 
need for achieving the best computing capability in the least 
time, is supplying substantial funds to accelerate the digital- 
computing art, at least part of which can be normally de- 
flected to the applications of these techniques in control 
systems. These funds are supplemented by large research 
and development programs financed by the computing 
machine manufacturers themselves, who, although they are 
often naive in the subtleties of high-performance control. 
clearly see that digital techniques are directly applicable to 
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control problems. If no one else is willing to conquer this 
mountain, the digital-computing groups alone will surely do 
it in time. But they will be delayed by their need to acquire 
the knowledge of control problems that is already clearly 
understood by control engineers. 

Control engineers, on the other hand, are deeply involved 
in the solution of complex dynamic problems currently often 
solved by analog techniques. The majority of their financial 
support is directed toward the immediate practical solution 
of these problems, based on the characteristics of imple- 
mentations with which they are familiar, so that only a 
relatively small and conservatively financed effort is available 
for the investigation of long-range advances. In a limited 
way, the military is forcing a solution to this problem by 
incorporating high-speed digital data processing and com- 
puting capabilities in many of their advanced control sys- 
tems. Initially, control engineers may not take full advantage 
of this potential, but it is inevitable that they will experiment 
with the use of digital computing machines to supplement 
conventional control functions. As work in this area accele- 
rates, it will become an important force in developing the 
art of computing-machine control. A limited amount of 
industrial research is also directed toward investigating 
means for utilizing digital computing machines in control 
systems, 

It is an unfortunate fact that a few digital-computing 
experts delight in presenting the digital-computing art in 
mumbo-jumbo form, which serves only to confuse control 
engineers whose cooperation is so essential to the successful 
solution of the computer-control problem. 

Major advances in digital-computer control are possible 
now. To achieve these advances efficiently and rapidly, the 
efforts of both digital computing and control engineering 
must be combined. 

Control engineers and their sources of financial support 
hold the key to the solution of the problem at this time, 
since digital computation is immediately usable in advanced 
control systems, A major reorientation and expansion of 
effort in control engineering is required to specify the most 
efhcient means for using these techniques. 

This expanded effort cannot be limited to control theory. 
All control engineers have an important stake in the applica- 
tion of digital computing machines in control; and so do the 
users of complete systems, and the designers and manufac 
turers of all the subsystems of which the overall systems 
will be comprised 

Recognizing the need for better understanding among the 
principal groups—the control engineers, the system syn- 
thesists and the computing experts—concerned with the 
development and use of really efficient computer-control 
systems, the Editors of E_ectro-Tecunotocy feel that the 
most direct and effective method to achieve better com 


Basic Principles: 
Computing Machines in Control Systems 


System Synthesis 


THE INTERRELATIONSHIPS among the elements of a 
typical computing-machine control system are presented 
in Fig. 1. 

One of the very important questions that will con- 
tinually reappear as the computer-control field acceler- 
ates its growth will be: “Who will have systems respon- 
sibility for this computer control system?” Clearly, the 
answer to this question will depend upon the problem 
and the levels of interest and capabilities of the groups 
involved. Systems responsibility could rest with the group 
administratively responsible for controlling the plant or 
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Much of the material presented in this article has 
been abstracted from two basic papers by Dr. Arthur 
S. Robinson, Director of Research at Kollsman Instru- 
ments Corporation. We are indebted to Dr. Robinson 
for his permission to quote from two of his papers: 
“Computers in Control Systems,” a survey paper 
presented at the ASME Design Engineering Confer- 
ence; and “Control Programming—Key to the Syn- 
thesis of Efficient Digital-Computer Control Systems,” 
a detailed technical paper presented at the 1960 Joint 
Automatic Control Conference. 


munications among these groups is to bring them together 
and give them an opportunity to communicate. This is the 
purpose of The Forum. Control-system users, system de- 
signers and computing-machine experts will meet and discuss 
a particular problem and attempt to find solutions. We hope 
they will succeed. We are certain they will communicate. 
And, by communicating with one another, they—as represen- 
tatives of their groups—will make a contribution to the entire 
field toward each group's understanding of the others’ 
ideas. And by publishing a summary of their efforts to com- 
municate with one another, the Editors of ELectro-Tecn- 
NOLOGY hope to present to their readers meaningful informa- 
tion about computing machines in control systems. 

The results of the first Forum will be published in the 
February 1961 issue of ELectro-TecHno.ocy. The subject 
will be computing machines in a machine-tool numerical 
control system. After this presentation, similar discussions 
about computing machines in control systems in other areas 
of application will be published at quarterly intervals. The 
Forum-in-print will consist of an article about a specific type 
of problem and the panel discussion of it by representatives 
of the three groups mentioned. 

Moderator for The Forum will be Dr. Arthur S. Robinson 
(D. Eng. Se. in Electrical Engineering, Columbia Univer- 
sity). As director of research of the Kollsman Instrument 
Corporation, Dr. Robinson is responsible for basic and 
applied research in advanced computing, communications, 
control, instrumentation, and display systems. Before he 
joined Kollsman in 1960, Dr. Robinson directed Bendix 
Corporation's Airborne Digital Computer Program. As head 
of the Advanced Electronics Laboratory at Bendix’s Eclipse- 
Pioneer Division, Dr. Robinson guided research efforts in 
airborne computer, control, and instrumentation systems. 
His work on digital sensors and new concepts of digital- 
system design and implementation established new areas of 
superiority for special-purpose digital computing machines 
and major advances in reliability for combined analog- 
digital control systems. 


situation, or it could be delegated to one of the suppliers 
of equipment for the new system or to an independent 
systems engineering organization. The group accepting 
system responsibility has to undertake a procedure ana- 
logous to the idealized optimum synthesis procedure 
(shown in Fig. 1) which starts with the statement of the 
fundamental problem. The problem then has to be formu- 
lated more precisely, based upon the nature of the vari- 
bles involved, the essential goals, the desirable goals, 
and the relative weights to be placed on each. Alterna- 
tive potential control solutions then have to be syn- 
thesized consistent with the actual availability of points 
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Fig. 1_-Typical computing control system functions. 


in the system where measurements can be made and of 
points where control signals can be introduced. For each 
such potential control configuration, alternative imple- 
mentations of sensors, data transmission, computation, 
display, recording and actuation will have to be investi- 
gated. Results of these investigations should then be com- 
pared to the ideal solution, with deviations from the 
ideal weighted according to the criteria that have been 
established. In an ideal synthesis procedure, the “best” 
solution would automatically present itself as the maxi- 
mum weighted output. 

In practice it is possible only to approximate this 
ideal, due to many practical limitations in time and com- 
plexity. Most of the limitations in this conceptually simple 
procedure stem from our lack of knowledge of the actual 
relationships between all problem variables and the diffi 
culties inherent in assigning concise relative values to the 
various facets of the potential solutions. As a result, the 
most usual engineering procedure is to perform a gross 
optimization of this type in order to narrow the field 
to a limited number of reasonable approaches and then 
to arrive at a final solution by a feedback process in 
which the results of synthesis, analysis. and simulation 
continually modify system goals until a near-optimum 


Fig. 2 — Typical system 
synthesis procedure. 





system design evolves. This concept is emphasized by 
the feedback lines shown in Fig. 2. 

It is important to realize that the principles of com- 
puting-machine control apply to problems that extend 
over many orders of magnitude of complexity and that 
the significant bandwidths required in the control loops 
of these systems extend over cornparably wide orders of 
magnitude. 

The control engineer visualizes the world as an array 
of multiple feedback loops. For convenience, he will 
view a given control complex in terms of its inputs and 
outputs, always with the reservation that somewhere the 
effects of these outputs, suitably delayed and modified 
by the channels they follow, will reappear at the inputs 
to the system under consideration. 

The advent of advanced digital 
systems is going to shorten time scales, placing a premium 
on automatic operation and on techniques for minimizing 
the effects of process dynamics. Digital-computer control 


computer-control 


has already made a major step into the arena of manu 
facturing control, primarily at the level of control of a 
single machine. In Fig. 3 a programmed machine tool 
manufacturing a given part is illustrated. Here we have 
a situation in which the stored program can regulate both 
the machine tool and the flow of material, with a speed 
and accuracy that surpasses the capabilities of a human 
operator. While current practice involves preparing the 
program tape on a separate computer that need not oper 
ate at high speed, this type of technology is readily ex 
tendible to “real-time” control. (/, 2)* 

It is not too difficult to see why digital computing 
techniques will lead to major advances in the control of 
manufacturing processes. Digital computing systems are 
characterized by an ability to perform automatically long 
and complex series of computations and logical decisions 
on large amounts of data with great accuracy and at 
high speed. They are therefore a natural match for the 
problem of keeping track of the large volume of contro! 
data that characterizes the current status of the manu 
facturing process and of computing the proper contro 
actions required throughout the system to achieve efficient 
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utilization of available manufacturing facilities. Com- 
bined with improved means for transferring material from 
step-to-step of the manufacturing, process and with com- 
parable improvements in the process itself, this type of: 
control integration leads naturally to increased produc- 
tion speed and decreased costs—without sacrifice and 
often with a substantial improvement in product quality. 
The integration of the multiple steps in a manufacturing 
process also leads to a situation in which plant operation 
can be readily varied to conform to different selected 
optimization criteria. 

The synthesis and design of high-speed digital comput- 
ing machines is rapidly becoming a routine procedure. 
Major source of delays in achieving an advanced digital 
control capability will stem, therefore, not from any 
limitations inherent in the digital computing machines, 
but rather from our limited knowledge of the functions 
the computing machines should be called upon to perform 
and the most efficient programs required to achieve the 
selected goals. These questions must be answered before 
computing machines can be designed efficiently for the 
applications they are intended for. A comparable source 
of delays will stem from our lack of understanding of 
the precise manufacturing capabilities required to mesh 
best with the selected mode of computing machine con- 
trol. Adequate early analytic and simulation studies will 
provide invaluable guideposts for the intelligent selec- 
tion of new computing control configurations. 

In the manufacturing problems described, material 
flow rather than signal flow, digital rather than analog 
techniques, have been stressed. To emphasize the concept 
of variable signal bandwidth in multiple control loops 
and the continued importance of analog techniques in 
advanced control system designs, another class of con- 
trol problems will now be presented. 

The block diagram of a typical multi-loop feedback 
system drawn from a signal-flow orientation is shown 
in Fig. 4. Usually, the inner loop is characterized by high 
bandwidth and the outer loops by progressively lower 
signal frequencies. In the example presented in Fig. 5, 
the innermost loop corresponds to the high bandwidth, 
medium-accuracy computations associated with aircraft 
stability augmentation. These computations automatically 
introduce artificial damping signals that convert an 


Fig. 4—Maultiple feedback-loop concept—signal flow orientation. 


Risiipenennrecuteinsonel 


Externolly 


generoted Stored Operation 


programs control 


program 


External control 


Moteria 
flow 
contr 


Fig. 3— Control of a specific manufacturing operation. 


otherwise marginally stable airframe to a well-damped, 
stable system highly responsive to pilot control. The next 
outer loop includes the lower bandwidth control exercised 
either through automatic computations, or manually by 
the pilot, in order to attain select aircraft attitudes. The 
next, still-lower, bandwidth loop corresponds to ground 
control of the aircraft to acquire and hold a selected 
ground and speed track. 

The wide-bandwidth, medium-accuracy computations 
performed in the inner loop and certain computations in 
the second loop will remain analog in future advanced 
automatic flight-conirol system implementations, while 
the remainder of the second loop and the complete outer 
loop will be based almost entirely on digital techniques. 
\ detailed discussion of one set of all-electronic, solid- 
state analog computing techniques which have been spe- 
cifically developed for flight-control systems to mesh with 
airborne digital computers is beyond the scope of this 
article. (3)* 

Because the requirements for arithmetic speeds, order 
codes, input-output capabilities and storage capacity that 
the various control applications will impose on future 
digital computing systems vary extensively, it is important 
to consider how such systems can best be synthesized. 
The ideal solution from the point of view of the com- 
puting-machine manufacturer would be the use of a 
limited number of computing-machine models produced 
at high production volume, based on circuits of proved 
© Readers who wish to be informed of these developments may—for a limited 


period of time—obtain a set of papers by writing to The Forum Editor, Evgcrro 
Tacuwotocy, 205 East 42 Street, New York 17, N. Y. 
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Fig. 5-—-Muitiple feedback-loop. concept—aircraft control example. 
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Fig. 6— The system engineer's approach to the 
development of efficient computer control systems. 


design Interchangeable order codes would permit pro- 
grams from one machine to be readily utilized by an- 
other. This concept hinges on the existence of large 
classes of control problems that can utilize the same 
machine configuration or on the willingness of many 
users to accept machines that are substantially over- 
designed for their application. 

From the point of view of the user of a digital com- 
puting-machine control system, the ideal solution is to 
obtain a computing machine tailored to his needs at a 
price that is normally possible only for volume-produced 
machines. As his needs expand, he would like to be able 
to adjust his computing capability accordingly without 
discarding the existing computing system. 

The systems engineering solution to the computing- 
machines-in-control problem is keyed to modern devel- 
opments in high-speed digital data processing systems. 
This approach is potentially acceptable to all groups con- 
cerned. The control system user specifies his problem 
either to his own systems engineering organization or to 
systems engineering groups which may be part of the 
organization of any subsystem manufacturer, or to a 
completely independent group engaged only in the syn- 
thesis, optimization, specification, purchase and assembly 
of the required system. 

The systems engineering organization takes on the re- 
sponsibility for an appropriate synthesis, analysis, simu- 
lation, and selection of optimum alternatives. Efficient 
system design is based on techniques proved feasible 
by the various subsystem manufacturers and, in many 
instances, incorporated in available hardware. The astute 
subsystem manufacturer will attempt to generate an 
array of designs that can, with appropriate minor modi- 
fications, be combined to provide subsystems with capa- 
bilities tailored to individual specifications. Such sub- 
systems may then be combined to achieve a complete 
system matched to a particular application but based, for 
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the most part, upon proved engineering designs and re- 
quiring a minimum of additional research and develop- 
ment. 

This approach, illustrated in Fig. 6, if applied with 
wisdom and restraint, will provide excellent results. It 
is important to recognize the impossibility of a com. 
pletely “off-the-shelf” solution to a new problem and to 
allow a reasonable amount of research and development 
for the particular application. The proper balance be 
tween off-the-shelf and specialized designs will, of course, 
depend upon precise system requirements. Really ad 
vanced applications may not be able to benefit substan 
tially from the off-the-shelf concept, but applications well , 
within the available state of the art will achieve major 
system cost savings by utilizing this approach. 

A typical expandable digital computing system is il 
lustrated in Fig. 7. It could consist of an innermost, 
extremely high-speed, digital data transmission bus over 
which arithmetic unit registers and arithmetic unit con 
trol circuits can communicate. At this level, the addition 
of units to the bus would result in extensions in com. 
puting machine order code or in expansion of arithmeti 
unit buffering capabilities. Data flow in and out of this 
inner array is via a high-speed bus providing for trans 
mission of data and instructions between arithmetic 
units, storage units, input-output units, and program 
(computing machine) control units. The system can 
operate with only one unit of each type and can be 
expanded in any one or all of the arithmetic, storage, 
input-output, or control areas. In order to achieve effi- 
cient system utilization, it is becoming standard practice 
to incorporate data buffering facilities into all input- 
output units so that, for example, a tape unit can receive 
a data search command in a single word time and can 
then operate independently of the rest of the computing 
system until it derives, and is ready to transmit, the 
requested data. Transmission of data to and from sen- 
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sors, actuators, displays and recorders can be accom- 
plished using multiplexed data transmission techniques. 

Again, as in high-speed data processing systems, we 
can also expect that control computing machines will, 
eventually, operate in teams, with the interchange of 
instructions and data between the computing machines 
accomplished either via the medium-speed input-output 
bus or through lower-speed transmission buses. At these 
lower data-transmission speeds, communication between 
computing machines in different plants or cities becomes 
an immediate and feasible possibility. It is interesting 
to note the analogy between the multiple loops of these 
advanced digital computing systems and the multiple 
loops of feedback control systems. In particular, in both 
situations the inner-loop bandwidth is generally the 
highest in the system, with progressively lower band- 
widths in the outer loops. 

While this type of expandable computing system is 
well suited to many classes of control applications, there 
are also many applications in which small general-pur- 
pose digital computing machines or special-purpose 
digital computing systems constitute superior solutions. 
For example, a control user undertaking preliminary 
experiments to define the problems that a digital com- 
puting machine should be called on to solve in his sys- 
tem may be well advised to experiment in a limited way 
with a conventional general-purpose machine before 
selecting a particular design approach. At the opposite 
extreme, a user with precisely defined requirements, not 
subject to significant expansion, might benefit substanti- 
ally from an extremely specialized design. 

This article has centered upon some of the basic con- 
siderations associated with the coming decade of com- 
puter control. There are many other important topics, 
each worthy of detailed discussion. For example, the 
problem of designing computer control systems for high 
reliability; the potential roles of information theory, 
operations research and automata theory in system syn- 
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thesis; the characteristics and the best utilization of hu- 
man operators in high-speed control systems; the impact 
of miniaturization and microminiaturization on realiz- 
able system characteristics; the potential effects on 
computer control of research in digital-computer learn- 
ing programs, adaptive control systems, and learning 
networks; lessons to be learned from work on informa- 
tion retrieval; character recognition; biological com- 
puting models, and many others. (4, 5, 6) 


Control Programming 


To use computing machines in control systems effec- 
tively, control engineers must be familiar with the func- 
tional organization of digital computing machines and 
the manner in which they can be used to perform selected 
sequences, called programs. (5) The compilation of pro- 
grams for control applications and the evaluation of the 
relationship between these programs and resulting con- 
trol performance can reasonably be called control pro- 
gramming. 

Control programming is really a meeting ground for 
control engineers, computer engineers, and digital com- 
puting-machine programmers. Control engineers should 
absorb sufficient computer and programming theory, and 
the others sufficient control theory, so that efficient con- 
trol programs can be produced. Many exciting and poten- 
tially fruitful areas of research already have their com- 
mon roots in these three fields. 

Any single article can make only a small contribution 
to the solution of the overall problem. It is the author’s 
aim to interest control engineers in this important field: 
to present a generalized digital computing system model, 
some of the fundamental problems associated with con- 
trol programming and approaches to their solution; and 
to point out the importance of finding a common langu- 
age to facilitate the interchange of research results be- 
tween control programming groups and between control 
programmers and investigators in related fields. For this 
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purpose we shall review the common-language problems 
encountered by computing machine programmers and 
present ALGOL, a machine-independent language syn- 
thesized by the Association for Computing Machinery, 
which might well be the start of a language for control 
programming. 

In initial studies of control programming, it seems 
advisable to concentrate on the functional organization 
and potential characteristics of non-specialized whole 
number digital computing machines, particularly the 
new, generalized, high-speed system organizations that 
will make it possible to tailor both input-output and 
computing capabilities to a wide range of applications 
without introducing major design changes. A new gener- 
ation of digital computing systems based on these prin- 
ciples is now reaching the market. These computing 
machines can be tailored to scientific or data-processing 
applications and to the solution of certain classes of real- 
time control problems. The principles upon which these 
machines are based can also be used as a design guide in 
the synthesis of specialized, maximum-efficiency, real- 
time computer control systems. 

A functional block diagram of a digital computer con- 
trol system is presented in Fig. 8. In systems of this 
type, instructions and data are transferred at high speed 
between computing machine control, arithmetic, storage, 
and input-output buffer units using one or more multiple- 
wire computer busses. A system ean be placed in opera- 
tion initially using only a single unit of each type, and 
can then be expanded in capacity, as computing demands 
increase, by the addition of selected units to the com- 
puter busses. Only basic system concepts are suggested, 
since the precise internal organizations of particular 
machines vary greatly. The logical design and imple- 
mentation of control, arithmetic, and storage units and, 
consequently, the list of permissible instructions (order 
codes) andthe speeds with which they can be executed 
also differ.* 

In the design of any digital computing system there is 
a continual trade-off between computing speed and equip- 
ment complexity. When the projected application is well 
defined, particularly efficient decisions can be made, since 
only required features need be incorporated in the 
computing machine. One feature common to all expand- 
able digital computing systems is extensive buffering 
and independent control in all relatively slow equipments 


* For a tabulation of the characteristics of existing computing machines ace 


“Digital Computing Machines,” Alice Mary Hilt 
October 1960. 
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Fig. 8—Single control channel, simplified example. 


100 


that share the input-output bus. Buffer control units may 
store one or a multiplicity of instruction and data words, 
thereby permitting operation independent of the central 
computer for extended periods of time. Such decentraliz 
ation of control permits all equipments sharing a com- 
mon input-output bus to operate near their nateral 
maximum speed while still communicating with the cen- 
tral computer and other equipments on the bus (without 
slowing down the operation). Analog signals from ten- 
sors, actuators and subsystems are converted to digital 
form in individual converters before reaching the input- 
output bus or can be routed on auxiliary unmultiplexed 
or multiplexed wires to a time-shared analog-to-digital 
converter that communicates with the input-output bus. 
(2) Digital signals from the computer that are to be 
used in analog form can be stored in digital form and 
converted to analog signals at each location, or a time- 
shared digital-to-analog converter can be used, communi- 
cating with the input-output bus and supplying multi- 
plexed analog signals to local analog hold circuits. In 
Fig. 7, these multiplexed analog-to-digital and digital-to- 
analog Conversions are represented by the input-output 
buffer-converter block, while input-output. flow not re- 
quiring conversion is represented by the input-output 
buffer blocks. Measured variables already in digital form 
can be read directly onto the input-output bus for trans- 
mission to an input-output buffer unit, where they can 
either be held or routed directly onto the computer bus. 

Efficient programs may be produced with very little 
training since automatic programming techniques have 
become available. These techniques consist of special 
programs that can be used to convert simple program 
statements into efficient and expanded programs tailored 
to the capabilities of the machine on which they are to 
be run. While the coding used to energize a given ma- 
chine has to conform in detail to the implementation of 
that machine (the “machine language”), there is no 
reason why automatic programming techniques can not 
be used to permit simple programming statements to be 
made in a single universal language, independent of the 
machine on which the program is to be run. 

In control programming problems, a major shift in 
programming emphasis needs to be toward optimiza 
tion of programs by simultaneously matching both their 
functional performance and their time response to the 
dynamics of the system that is to be controlled. Complex 
programs requiring a relatively long computing time 
must be balanced against shorter, less sophisticated 
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programs achieving higher solution rates. Since any 
derived program may be reused extensively, optimization 
is well worthwhile. 

The central variable in control programming is time; 
an efficient match between digital computing speed and 
system dynamic performance is the key to the problem. 

Consider, for example, a set of n control loops, each 
of the form presented in Fig. 8. In each of the n channels 
to be controlled, the continuous error ¢«(t) between 
input r(t) and actual output C;(t) is sampled at ecual 
intervals of time T. The sampled error is processed 
using a linear digital computer program characterized 
by the z-transform C*(z) and produces a result, P*;(t), 
k seconds later. This computed result is then used to 
actuate the plant, represented by the Laplace transform 
G(s), composed of a hold circuit G,(s) in series with 
the actual plant G,(s). 

The ideal system response is represented by the trans- 
form Hd(s), and the optimization criteria when the in- 
put r(t) is deterministic are selected as minimization of 
the integrated error squared between the actual output 
C,(t) and the desired output C,it). Computer-limited 
sampled data techniques are required to synthesize sys- 
tems of this type, in which the sampling period T is a 
function of the digital-computer speed and the complex- 
ity of the computer program. In general, any system that 
utilizes a digital computer in real-time is a computer- 
limited sampled data system, unless the available input 
data rate is slower than the speed with which computer 
solutions can be obtained. It would be impossible to pre- 
sent this or any of the other possible techniques at length 
at this time, and the interested reader is referred to Cited 
Reference (7) at the end of this article. 

The Association for Computing Machinery has given 
considerable thought to the problem of defining a lan- 
guage that can be used to describe digital computer pro- 
grams without tying these descriptions to the charac- 
teristics of a particular machine. Working closely with 
comparable organizations in Europe, an A.C.M. com- 
mittee has recently developed a recommended common 
language, called atcot. Dr. Alan J. Perlis, editor-in- 
chief of the Communications of the A.C.M., has been 


kind enough to make available a sample text of ALCOL 
for consideration by control engineers to stimulate dis- 
cussion and preliminary use of portions of this language 
in control programming, and to work toward eventual 
extensions of ALGOL as required to represent the special 
characteristics of real-time control programs. (8) Control 
programmers with some background in digital computer 
programming should be able to absorb the text of ALCOL 
without further explanation. Engineers who are just 
familiarizing themselves with the field may find it neces- 
sary to use only portions of the language initially, ex- 
panding to the full range of symbols as they gain ex- 
perience with the technique. It is expected that clarifica- 
tion and modifications of ALGoL will be the subject of 
continuing discussions throughout the development of 
an effective control programming language. OOO 
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Example of ALGOL Usage 


Consider the linear digital computer pro- } y y 
gram described in Z-transform terms as 
Tr Me 4 a,Z~™ 4 a,Z : r(Z) 

C*(Z) = 7 7 = : ‘ Te r 
(2) 1 + b2Z-' + 6,27 y(Z) 


The aLcou program would be, simply: 


y;: ve 


I Ir 


* Procedure: linear control program End 


*Comment: zq is the program output, vo 
is the program input, and do, a), a», b, b» 
are constants. A new value of y» is received 


C*Z = 


every T seconds, at which time program 1+6,27' +- 


begins. Input and output are procedures 
that bring in and take out the values of 
their arguments 


would be 


Vi: 


output (29) 


The more general program for 


dy + OZ"! $ +++ anZ-™ _ 2(Z) 


= 0(1)m 
= 0 


= (1)(1)n 
= () 


* Begin: 


input (ys) 

Zo: = (0 

i: = 0(1)m 

Zo: = Zo + ary: 


js = =10)n 


+b,Z2-" ~~ y¥(Z) 


* Procedure: linear control program. é Zo: == Xo — bxz; 


= (m — 1)(—1)(1) 


zi: 
* Begin: 
input (yo) 
Zo: ™ GeTVo + QTY; + AsTy2 


— barr, — berts 


DECEMBER 1960 


*Comment: 2» is the program output, vo : =. 


is the program input, and a; and 6; are 
constants ranging from ap to a,, and b; to 
b,, respectively. A new value of yo is 
received every T seconds, at which time 
program begins. Input%and output are 
procedures that bring in and take out the 
values of their arguments. 


Via: - vi 
y: = (n — 1)(—-1)()) 
Pints = Tj 


output (x9) 





Survey of Power Transistors 


JOHN R. RIGGS 
4ssociate Editor 


FOLLOWING THE GREAT revolution caused by transistors 
in communication equipment, it is only natural that their 
usage should be expanded to the control of larger amounts 
of power. Many of the most recent developments in the 
semiconductor field, therefore, have been in the perfec- 
tion of units capable of handling power sufficient to that 
required in the control, say, of a machine tool or a 
missile launcher. As a guide to what is currently avail- 
able in power transistors, we have assembled, from 
material furnished by the manufacturers, the accom- 
panying listings. It should be remembered that the tables 
are simply a guide to the types available and should not 
be used as the basis for circuit design. 

As in all new fields, the information supplied by 
manufacturers for their units varies considerably from 
one manufacturer to the next. In addition, there is very 
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amp volts 


2N1479 | 
2N1480 
2N1481 
2N1482 
2N1483 
2N1484 
2N1485 | 
2N1486 
2N1183 | 
2N1183A | 
2N1183B | 
2N1184 | 
2N1184A 
2N1184B 
2N1487 
2N1488 
2N148¢ 
2N1490 
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2N441 
2N278 
2N442 
2N173 
2N443 
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2N1358 
2N1099 
2N1412 
2N1100 
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little standardization of types (very few cases of identical 
types from two or more sources will be noted). As a 
consequence of these two factors, we have been forced 
to choose the characteristics which are most generally 
given by every source—others may be more important 
in particular applications, but those given here appear 
to be most universally essential. They are the maximum 
ailowable values of collector-to-base voltage, collector 
current, and junction temperatures and the characteristic 
values of static forward-current transfer ratio (hp,) and 
collector breakdown current (/eso). For an interpreta- 
tion of these terms and their importance in circuit design, 
see this month’s (and next month’s) installment of our 
current series of articles on Semiconductor Electronics. 

As a minimum limiting value on units to be included 
in this survey, we have included only units whose col 
lector current rating is 1 amp and over. We have grouped 
them by manufacturer to achieve some clarification and 
unity in presenting the characteristics and application 
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Semiconductor Dept., Youngwood, Pennsylvania 


(Silicon, n-p-n 


Absolute max 
values 


Electrical character 
istics at 25 C 
Type Ver I T hye at I Teno at Vie Notes 

No volts amp 


amp ma volts 


2N1015 

2N1015A 
2N1015B 
2N1015C 
2N1015D 
2N1016 

2N1016A 
2N1016B 
2N1016C 
2N1016D 
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For t regulators, and amplifier appli 


Max power dissipation at s 150 watts. Round case has } 9/32-ir 


For d-c te 
Silicon, a-p-n. Max power dissipation at case temperature 
Round metal case, 0.370-in. diam, with leads 

2. Inverters, converters, choppers, regulators and amp! 

wer dissipation at case temperature of 25 C is 12 watts. Round 
1.600-in. diam, with pins 

5. Germanium, p-n-p. For intermediate power and low-frequency applications 
For converters, choppers, solenoid and relay control. Same case as Note 2 

4. Silicon n-p-n. For converters, inverters, choppers, regulators, and amplifiers 
Max power dissipation at mounting flange temperature of 25 C is 60 watts. TO.3 
package. Also available in 1.250-in. diam round case 

}. Germanium, p-n-p. For power switching, voltage regulators, converters, reley 
actuating circuits. Power dissipation et case seat temperature of 25 C varies from 

87.5 watts depending on voltage. TO-36 single-ended, stud-mounted case 


and servo amplifiers 
of 25 C is 4 watts 


converters, inverters, choppers, regulators 


fers. Silicon, a-p-n. Max 
metal case, 
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Clevite Corporation (Germanium, p-n-p) 


241 Crescent St., Waltham 54, Massachusetts 


Electrical character- 
istics at 25 C 


Absolute 
max values 


Type Vea!) I Ty | Ave at I Ico at Ves 

No volts amp deg - _ 

C |max'amp| ma | volts 
| (max) 


Notes 


CTP-1728 
CTP-1735 
CTP-1729 
CTP-1730 
CTP-1731 
CTP-1736 
CTP-1732 
CTP-1733 
CTP-1739 
CTP-1740 
CTP-1741 
CTP-1742 
CTP-1743 
CTP-1744 
CTP-1745 
CTP-1746 
CST-1773 
CTP-1108 
CTP-1109 
CDT-1349 
CDT-1349A 
CDT-1350 
CDT-1350A 
CDT-1309 
2N257 
CTP-1111 
2N 268 
2N301 
CDT-1310 
CDT-1311 
CDT-1312 
CDT-1313 
CDT-1319 
CDT-1320 
CDT-1321 
CDT-1322 
2N297A 
2N1011 
2N1120 
CTP-1306 
CTP-1265 
CTP-1296 
CDT-1314 
CTP-1307 
CTP-1266 
CTP-1297 
CDT-1315 | 95 
CTP-1550 95 
CTP-1551 80 | | 95 
2N1146 40 : 
2N1146A 60 5 | 95 | 
2N1146B 80 5 | 95 
2N1146C | 95 
CTP-1508 40 95 
CTP-1504 60 95 
CTP-1503 80 : 95 
CTP-1500 100 5 95 
CTP-1552 40 5 | 95 
CTP-1544 60 95 
CTP-1545 80 95 
CTP-1553 100 5 95 
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Notes 

1. For high-gain switching applications. Meet MIL-T-19500, Peak power dissipa- 
tion during switching varies from 60 to 180 watts, depending on voltage — 
Total average power dissipation is 30 watts at mounting base temperature of 25 C 
Rectangular metal case is 1.48 « 0.429 with pin leads 

2. For audio amplifier and high-gain switching ciroults. Meet MIL-T-19500. Total 
average power dissipation at 25 C mounting base temperature is 30 watts. 


Asterisked values are max power gain in db at 2 watts output. Same case os 
ia Note 1. 
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CBS Electronics (Germanium, p n-p) 
Semiconductor Operations, 900 Chelmsford St., Lowell, Mass. 
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max values | 
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Electrical character- 
istics at 25 C 


Type Ver Ic | Arg at Ic 


Iczo at Veg | Notes 
No. volts amp | 


max | amp), ma 


2N1291 
LT-5028 
2N157 
2N1293 
LT-5034 
2N1295 
2N157A 
2N1297 
2N155 
2N156 
2N158 
2N158A 
2N235 
2N236 
2N242 
2N257 
2N285A 
2N297 
2N297A 
2N301 
2N301A 
2N1433 
2N1434 
2N1435 
2N255A 
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2N1245 
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LT-5111 
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Notes 


1. Applications include audio amplifiers, switches, voltage regulators and power 

ipplies. Operating and storage temperatures : —55 to 85 C. Dissipate 20 watts at 
m< mating base temperature of 25 C. Unite listed are in TO-3 case. Also available 
with mounting lug, TO-10, or internal tapped hole, TO-13. 

2 Primarily used in power output stage of automobile receivers. Power dissipa- 
tion: 20 watte at 25 C. Metal case with plag-in leads. 

3. For automation devices to operate relays, to control servo motors, and mag 
netic amplifiers. Dissipate 20 watts at 25 C. Operating junction temperature: —65 
to 85 C. Meta! case for bolt mounting with tinned leads. 

4. Various applications where beam power tubes are now used. Dissipate 25 watts 
at 25 C. Storage temperatures: —60 to 85 or 95 C. Power gains vary between 30 
and 40. TO-3 package. 

5. For operation from 25- or 28-volt aircraft supplies in applications such as 
audio amplifiers, servo amplifiers, and small motor control. 2N297 Gatlinbes 25 
watts at 25 C; 2N297A dissipates 35 watts. TO-3 package. 

6. For Class A power output stages of a-f amplifiers. Also Clase B push-pull 
stages. Dissipate 11 watte at 80 C. Storage temperature 65 to 91 C. TO-3 
package 

7. For low-speed switching, servo motor controls, power amplifiers and converters. 
Dissipate 12 watts at collector temperature of 71 C. Junction temperature range: 

65 to 9 C. Metal case for stud mounting. 

8. For radio amateurs and experimenters. Also as power output stage of portable 
phonograph and mobile public address systems. Dissipate 20 watts at 25 C. 2N25SA 
and IN2564 have power gain of 25 db. TO-3 package. 

9. Same as Note 1 except power dissipation is 40 watts 


ee 
3. For audio 


amplifier and high-gain switching circuits. Total average power 
pation at 25 


C mounting base temperature ie 30 watts. Same case as in Note 1. 

4. For amplifier and switching applications. Total average power dissipation at 
25 C€ mounting base temperature is 45 watts. Asterisked values are max power 
gain in db at indicated wattage output. TO-3 package. 

5. For 2- and 4-watt audio amplifiers. Total average power dissipation at 25 C 
1 nting base temperature is 45 watts. Asterisked values are max power gain in db 
at indicated wattage output. Meet MIL-T-19500. TO-3 package. 

6. For regulated power sopplies, inverters, converters and other switching cir- 

ts. Meet MIL.T.19500. Total average power dissipation at 25 C mounting base 

‘perature is 45 watts. Total peak power during switching varies from 100 te 
275 watts, depending on voltage rating. TO-3 package. 

7. For high-gain switching applications. TO-3 package. 

8. For high-current switching circuits, high-power and audio amplifiers, and 
voltage-regulated power supplies. Total steady-state power dissipation at 25 C 
mounting base temperature is 70 watts. TO-3 package available with either pins 
solder luge . 

9. Adaptable to high-power d-c to d-c converters with output powers in excess 
of 0.5 kilowatt and series reguicted supplies. Meet MIL-T-19500. Total average 
power dissipation at 25 C mounting base temperature is 75 watts. TO-3 packag- 
available with either pins or solder lugs. 
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Motorola Semiconductor Products, Inc. Delco Radio Division Germanium, p-n-p) 
5005 E. McDowell Rd., Phoenix, Arizona General Motors Corp., Kokomo, Indiana 


(Germanium, p-n-p) 


: Absolute max | Electrical character- 
Absolute max Electrical character- values istics at 25 C 


values istics at 25 C cies - walters 
oe = eee Type | Ver Ie Ty Arg at I; Icno at Ves Notes 
Type Ves | Ic | Ty | hrgatlc | Icsoat Ve | Notes No. volts | amp deg C 
No. volts | amp ‘deg C-———— pi max | amp| ma | volts 
| |max|amp| ma | volts | ae 


— _ ~ —|—— 2N297A | 100 | 100 | 0.5) 
| 100 | 90 40 2N553_—Csds 100 | 80 | 5| 
100 | 140 2N665 : 100 | 80 | 5 
100 | 90 2N1168 : 5 | 100 | 110° 
100 | 140 2N392_ 5 | 100 | 200 
| 100 | 90 2N1011 ‘ 100 | 150 | 
| 100 | 140 2N1159 . 100 | 150 
| 100 | 90 2N1160 100 | 100 
100 | 140 2N277 ‘ 100 | 70 
100 | 40 2N441 5 |100/| 40 
100 | 40 | 2N278 5 5 | 100! 70} 
100 | 40 2N442 5 5 | 100/| 40] 
100 40 2N173 | 100 70 
100 | 40 2N443 100 | 40 
| 100 | 70 2N174 5 |100/| 50 
100 | 2N1099 1/15 | 100| 70 
100 2N1358 100 | 80 | 
100 70 2N1100 100 50 
100 | 70 2N1412 : 100 | 50 
100 2N1518 s 100 | 40 
100 2N1519 100 | 40 
100 | 2N1520 ‘ 100 | 35 | 
100 | 2N1521 100 | 35 
100 2N1522 100 | 45 
100 | 2N1523 100 45 
100 2N1172 5 95 | 90 
100 2N1609 5| 95 | 75 
100 2N1610 ‘ 
100 | 2N1611 75 


| 100 2N1612 
100 | 
100 | 
100 | - 
| ) 1. For regulated power supplies, square-wave oscillators, servo amplifiers and 
100 re driver circuits. 2N297A and 2N66S meet MIL-T-19900. TO-3 package. 
pe 
100 2. For 12-volt audio amplifiers. High gain permits un-bypessed emitier operation 
in Clase A and Class B amplifiers. TO-3 package. Asterisked value is typical 
| 100 | 3. For general use in ewitching applications. Max power dissipation at @ mount 
100 g base temperature of 71 C is 20 watts. 2NIOI] meets MIL-T-19500. TO-3 
a kage 
100 4. For general use with 12- of 28-volt power supplies. Round case (1.250 in 
1 liam) with solder lugs. 2N174 meets MIL-T-19500. Max power dissipation at 
00 
mounting base temperature of 71 C is 30 watts 
100 5. High power, for general switching use with a 12- or 28-volt supply. Max power 
100 ssipation of 30 watts at a mounting base temperature of 71 C. Round case 
| 1.250 in. diam) with solder lugs. Astericked values are collector current 
100 6. For 12- and 28-volt supplies. High gain and low saturation resistance for audio 
| 100 and power-regulating applications 
100 
100 
100 
| 100 
} 100 
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| 100 | 
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2N1359 
2N1360 
2N375 
2N618 
2N1362 
2N1363 
2N1364 
2N1365 
2N1529 
2N1530 
2N1531 
2N1532 
2N1533 
2N1534 
2N1535 
2N1536 
2N1537 
2N1538 
2N1539 
2N1540 
2N1541 
2N1542 
2N1543 
2N1544 
2N1545 
2N1546 
2N1547 
2N1548 
2N627 
2N628 
2N629 
2N630 
2N1549 
2N1550 
2N1551 
2N1552 
2N1553 
2N1554 
2N1555 
2N1556 
2N1557 
2N1558 
2N1559 
2N1560 
2N1162 
2N1163 
2N1164 
2N1165 
2N1166 
2N1167 
2N176 
2N669 
2N350A 
2N351A 
2N376A 
2N297A 
2N1011 
2N1120 
2N277 
2N441 
2N278 
2N442 
2N173 
2N443 
2N174 80 
2N1099 80 
2N1358 80 
2N1100 100 
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Notes 
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1. For switching and amplifier applications. Collector power dissipation le WO 
watte at 25 C mounting base temperature. TO-3 package to meet MIL-S-19500. 

». For switching and amplifier applications from d-c through a-f. Power dissipe 
tion at 25 C mounting base temperature is 90 watts. Switching at power levels up 
» 500 watts. TO-3 package. Also available in high-reliability series with “A” 
suffix 

3. For switching and amplifier applications from d-c through a-f. Power dissips 
tion at 25 C mounting base temperatare is 90 watts. High transconductance and 
low saturation resistance for converter applications. Switching at power levels up 
» 500 watts. TO.3 package. Also available in high-reliability series with ~ 
ouffix 

4. High-current switching and audio applications. Low saturation resistance, 
thermal resistance under 0.8 deg C per watt and built-in voltage transient protec- 
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tion. TO.3 package. Dissipates 9 watts at mounting base temperature of 25 C. 
5. High rrent switching (2N1549 through 2N1552 have fast switching speeds) 
and sudio applications, Reliable operation at power levels up to 1200 watte Die 
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sipate 90 watts at mounting base temperature of 25 ¢ TO.3 package. Also avail 
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able ia high-reliability series with “A” suffix 
1 nudio applications. Diesipate 50 watts at mounting 

© temperature { wt TO.3 package. Also available in high-reliability series 

th “A” suffix 

Medium voltage for high power gain and low distortion in a-f applications 

Sealed metal case with 1.187 in. between mounting holes. Dissipates 10 watts at 
80 C mounting base temperature 

8. High power gain and low distortion at output levele up to 4 watts Clase A 
and 15 watts Class B. Same case as Note 7. Dissipate 25 watts at mounting base 
temperature of 70 ( 

9. Meets MIL-T-19500. Dissipates 30 watts at mounting bese temperature of 
75 C. Asterisked value is Ix. Storage from —65 to 100 C. TO-3 package 

10. Meets MIL-T-19500. Dissipates 45 watts at mounting base temperature of 
25 C. Asteriaked value is /x. Storage from —65 to 95 C. TO-3 package. 

1l. Power dissipation at case temperature of 25 C is 150 watts. Asterisked values 
are emitter current, Round case (1.250 in. diam) with solder lugs 


6. High-current ewitching an 
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Bendix Corporation (Germanium, p-n-p) 


Red Bank Division, Holmdel, New Jersey POW ANSISTORS 


Absolute max Electrical character- 
values istics at 25 C 

' . Pacific Semiconductors, Inc. (Silicon, n-p-n) 
Type | Ves Ic | Ts | hep at Ic | Icao at Vep | Notes 14520 Aviation Blvd., Lawndale, California 
No. | volts | amp jdeg C 

amp} ma | volts | 

——}|——___} Absolute max | Electrical character- 
~ 959| 1.0 25 istics at 25 C 
30° 


2N234A Ez 
30° | Type Ves Ie , at oh Teso at Vez Notes 
| 


2N235A 
2N236A 
2N285A 
2N399 
2N400 
2N401 
2N419 
2N297A 
2N1011 
2N418 
2N420 
2N420A 
2N637 
2N637A 
2N637B 
2N638 
2N638A 
2N638B 
2N639 
2N639A 
2N639B 
2N1136 
2N1136A | 
2N1136B 
2N1137 
2N1137A 
2N1137B 
2N1138 
2N1138A 
2N1138B 
2N1073 
2N1073A 
2N1073B | 
2N1031 
2N1031A 
2N1031B | 
2N1031C 
2N1032 
2N1032A 
2N1032B 
2N1032C 
2N1651 
2N1652 
2N1653 


i 
| — oom - — — — 
| 38° No. volts | amp deg C 

33°) peak amp| ma | volts 
30°) | (max) 

30°) 


RSRRES 


PT900 | 10 120 60 
PT901 50 | 10 120 60 
PT531 0.35, 0.01) 28 


Sv 


75 
40 
40 

100 | 40 
100 | 60 
100 | 60 | 
100 | 60 | 
100 | 40 
| 100 40 | 

100 | 40 | 

100 | 30) 
| 100 | 30) 

100 | 

100 

100 

100 

100 

100 

100 

100 

100 

100 

110 

110 | 

110 
| 100 | 

100 | 

100 | 
| 100 | 

100 

100 

100 

100 
| 110 
110 | 
110 | 45 


SSSRRRaS 


Nw 
a 


Notes: 
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1. For ewitching, power conversion and generation, and amplification. Total 
power dissipation at 25 C case temperature is 125 watts. Round metal case has 
1.04-in. diam, with mounting lug. 

2. For switching, r-f power amplification, core driving. Total power dissipation 
at 25 C case temperature is 13 watts. Will give power output of 3 watts at 100 me 
with 7 db gain. 
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Philco Corporation (Germanium, p-n-p) 
Lansdale Division, Church Rd., Lansdale, Pennsylvania 
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Absolute max Electrical character- 
values istics at 25 C 


Ss 


Type Ves le Ty Arg at ‘L Icpo at Vor Notes 
No. volts amp deg C = siseanensiialiichgll 
amp/| ma 
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2N672 
2N670 
2N674 
2N386 
2N387 
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60 
60 
25 
60 
60 
25 
60 
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Notes 


g 


1. For pulse ampli fier nnd switching circuits where average power dissipation is 
as high as 309 milliwatts. Storage temperature 65 to 85 ¢ Types listed are in 
metal case 0.370 in. diam with leads (TO-26). Also available with mounting te € 
(power dissipation of these unite ie 1 watt). 

2. For servo amplifiers, power converters and high-power switches. Will deliver 
5 watte of undistorted power with a typical power gain of 33 db at a case tem 
perature of 75 C. Diamond-shaped metal case with mounting holes 1 3/16 in., with 
insulated leads 
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Raytheon Company Silicon, n-p-n) 
215 First Ave., Needham Heights 94, Massachusetts 


Notes 


1. Fer audio power emplifiers. Diesipate 25 watts. Values marked with asterisk 


are minimam power gains in db. TO-3 package. Absolute Electrical character- 


2. For power oscillators in converter circuits. Can be used to supply over 5 watts max values istics at 25 C 
of d-c power lor use in vibrator replacement. TO-3 package. 

3. Applications include high-current ewitching, audio amplification, small motor oe 
and servo driving. Meets MIL-T-19500. Dissipate 35 watts. Storage temperature Ven Power Arg at I; Tero at Ver Notes 

5 to 95 C. TO-3 package I volts _—_ diss. 

4. High-current switching for converter and inverter circuits. Capable of ewited watts max | amp ma volts 

¢ to 20) watts. Also for relay replacements, relay drivers, magnet lutcbes max 
and solenoid drivers. Maximum average power dissipation: 25 watts. Storage tem “ 
perature @ to 100 C, TO-3 package 

5. High-gain applications for ewitching devices such as converters and inverters 2N389 60 5 60 10* 60 
Capable of ewitching up to 400 watts. Maximum average power dissipation: 60 2N424 80 5 60 10* 80 


watts, Storage temperature: —65 to 100 C. TO-3 package . ~ 
Fer bie! os hich § : ; 2N1470 60 $§ 15* 5 

6. For high current ewitching at high frequencies. Applications to television out 
put amplifers, core drivers, ultrasonics, and power converters. Maximum average 2N 1660 60 3 135 10* 60 
power dissipation is 60 watts, Storage temperature from # to 100 ¢ TO.3 2N1661 80 135 10* 80 
reckage 
Tata 2N1662 100 5 | 135 10* | 100 

7. For d-e to d-e converters and d-c to a-c inverters. Capable of switching up 


to 1000 watts. Other applications: power supply pa. magnetic clutches, Notes 
relay replacements, power amplifiers, motor control 0-3 package with either pins, 
legs. ae oad ond sata onan power dissipation: 90 ates ‘Tieane cunpeuians 1 Medium gain. Junction temperature (storage and operating): —65 to 200 C. 
from —60 to 100 C. Case is 0.870-in. square. Asterisked values are [cer 

Junction temperature (storage and operating) : —65 to 200 C. TO-3 package 

6. For high current switching at high frequencies. Applications to television Aleo available in square case. Asterisked value is min 

output amplifiers, ultrasonics, and power converters. Maximum average power dis- 3. For high-speed switching. Junction temperature (storage and operating) from 
sipation is 100 watts, Storage temperature from —60 to 100 C. TO-3 package. —65 to 200 C. Asterisked values are Jcza. Same case as ia Note 1, 
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Silicon Transistor Corporation 
150 Glen Cove Rd., Carle Place, L. L., New York 


(Silicon, n-p-n) 


Electrical character- 

istics at 25 C 
Type Vee Ic Ty Arg atIc | Icac at Vi Notes 
No. volts | amp deg C'-——_—__ - 
max amp ma 


Absolute max 
values 


volts 
2N389 200 60 
2N424 - 200 60 
2N1069 175 50 
2N1070 175 50 
STC1009 175 50 
STC1014 175 50 
2N1487 175 50 
2N1488 175 50 
2N1489 175 75 
2N1490 175 75 


~ 
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Notes 

1. High-power switching and amplifying. Max power dissipation at case tempera- 
ture of 25 C is 85 watts. Square metal case with mounting holes on 0.680-in. 
centers. Asterisked values are } cx 

2. Typical applications include relay replacements, solenoid actuators, power 
converters and switches, regulators, etc. Max power dissipation at mounting ange 
temperature of 25 C is 50 watts. TO-3 package 

3. For servo amplifiers, converters, regulators, relay replacements. Max power 
dissipation at mounting flange temperature of 25 C is 60 watts. Asterisked values 
are Vice. TO-3 package. 


Texas Instruments, Inc. 
P. O. Box 312, Dallas 21, Texas 
Germanium, p-n-p, except as noted) 


Electrical character- 
istics at 25 C 


Absolute max 
values 


Tero at Vi Notes 


hrg at I 


ma 


Vee Ik Ty 
No. volts | amp deg C 
j;amp ma volts 
2N250 
2N1038 
2N1039 
2N1040 
2N1041 
2N1042 
2N1043 
2N1044 
2N1045 
2N456A 
2N45S7A 
2N458A 
2N1021 
2N1022 
2N1046 
2N1046A 
2N1046B 
2N511 
2NS511A 60 
2N511B 80 
2N512 40 
2N512A 60 
2N512B 80 
2N513 40 
2N513A 60 
2N513B 80 
2N514 40 
2NS514A 60 
2N514B | 80 
2N389 60* 
2N424 80* 
2N1722 | 80° 
2N1724 | 80° 
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Sylvania Electric Products, Inc. 


100 Sylvan Rd., Woburn, Massachusetts 


(Germanium ) 


Electrical character 
istics at 25 C 


Absolute max 
values 


Type Ves i Ty 
No. amp deg C 


hes atlc | Icao at Vege | Notes 


amp | ma volts 
2N326 
2N242 
2N1007 
2N1218 
2N1294 
2N132} 35 
2N1323 60 
2N102/13 30 
2N144/13 60 


60 | 1 0.5 30 


25 
45 
60 
35 
60 


own WwW WH 


60° 


~— Ww 


Notes 

1. For audio output of automobile radios and other power outpat applications 
TO.3 package. Type 2N326 is n-p-m. 2N242 is p-n-p 

2. For audio and switching applications. Asterisked value is power gain in db 
The 2NI218 will deliver « power level output of 2.5 watts and ie specified as « 
l-< switch. 2N1007 is p-a-p. 2N1218 is a-p-n. TO-3 package 

2N1294 is a-p-n. TO.3 package 

4. For ewitching applications. Both are a-p-n. TO-10 package 

>. For switching applications. Both are a-p-n. TO-13 package 
ar «ith baee shorted to emitter 


Asterisked valuce 


Transitron Electronics Corporation 
168-182 Albion St.. Wakefield, Massachusetts 


Silicon, n-p-n 


Electrical character 
istics at 25 C 


Absolute max 
values 


Type Vers rf Ty 
No. volts amp deg C 


max amp ma 


hye at I lomo at Ve Notes 
volts 
max 

2N424 

ST440 

2N389 

2N1250 
ST401 

2N1210 
2N1211 
2N 1620 


10 80 
20 60 
10 60 
10 60 
20 45 
1 60 
1 80 
100 


wenNN NH ee 
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1. For applications where moderate voltage transients are present. Total power 
lissipation at 100 C case temperature ie 45 watts. Square case with mounting holes 
n 0.680.in. centers. Also available in double ended stud package 

2. Total power dissipation at 100 C case temperature: 24 watte for ST440; 45 
watts for 2N389. Same cases as in Note | 

3. For power supply and d-c to a-c converters. Total 
ase temperature: 45 watts. Same cases as in Note 1 


power dissipation at 100 


4. Total max power dissipation at 25 C case temperature: © watts. Same cases 
n Note I 


Pee 


Nores 
1. For mobile applications where low distortion ar yptimum frequency response 
are important. Also for 12-volt commercial aud 
tion: 25 watts. TO.3 package 

2. Applications include relay driving, pulee amplifiers, audio amplifiers, and 
switching. Total power dissipation: 20 watts 
round (0.325 in. diam), stud package, or as Ganged nut 

3. For power conversion, current switching, and audio amplifier output. Storage 
tem perature 55 to 100 C. Total power dissipation: 30 watts. TO.3 package 

4. For computer core driving and horizontal and vertical cathode-ray tube de 
fiection circuits. Storage temperature 55 to 100 ¢ Total power dissipation 
0) watts. TO-3 package. 

5. Power conversion, high-current switching, and audio amplifier output. Storage 
temperature: —55 to 100 C. Total power dissipation: 80 watts. TO-3 package 

6. Diffused-junction silicon, a-p-n unite. Single asterisk indicates values are 
BV cr. Double asterisk indicates values are collector cutof current at rated Voce 
Total power dissipation at case temperature of 25 € is 85 watts. Square flange case 
with mounting holes on 0.680-in. centers. 

7. Diffuse:'-junction silicon, n-p-n unite. Single asterisk indicates values ate 
BV ce. Storay* temperature, 200 C. Total power dissipation at case temperature of 
100 C is SW wa te. Square Gange package 

8. Diffused-junction silicon, a-p-n unit. Single asterisk indicates valuce are 
Bi ce. Storage temperature, 200 C. Total power dissipation at case temperature of 
100 C is @ watts. Double-ended package with \-in. stud mounting 


applications. Max power dissipa 


Available im three cases: standard 
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Amperex Electronic Corporation (Germanium, p-n-p) 
230 Duffy Ave., Hicksville, L. L, New York 


Absolute max 


values 


Electrical character- 
istics at 25 C 


Type | Vee | Ic Ty; hyg at Ic | Icpo at Ves | Notes 
No. volts | amp deg C | - 


' volts 


0C22 
0C23 
0C24 
0C30 
2N1314 
2N1315 
0C35 
0C29 
0C28 
0C36 


Oaqooawwrr = 
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Notes: 


1. For high-epeed industrial switching, digital computers, audio amplifiers. Stor 
age temperature from —55 to 75 C. TO-3 package. Asterisked values are Vice 

2. Designed for Clase A and B output stages at battery voltages of 7 and 14 volts 
Aleo for oe apeed switching. TO-3 package. Asterisked value is / 
5. For Clase A output stages with power output to 4 watts. Storage temperature 
from —S5 to 75 ¢ TO 5 package 

4. Medium and high-gain unite for switching cirewits. Storage temperature from 

55 to 75 C. Collector dissipation at 45 C ambient ie 10 watts. TO.3 package 


Minneapolis-Honeywell Regulator Co. 
2747 Fourth Ave. 
(Germanium, p-n-p) 


So., Minneapolis 8, Minnesota 


Absolute max 
values 


Electrical character 
istics at 25 C 


Type Ven I Ty 
No. volts | amp jdeg C 


hyg at Ic | cao at Veg = =§=—- Notes 
| max amp| ma volts | 
i 


S| 95 


2N538 
2N539 
2N540 
2N574 
IN5S74A 
2N575 
2N575A 
2N1157 
2N1157A | 
2N1202 | 
2N1203 
2N1261 
2N1262 
2N1263 
2N1501 
2N1502 
DA3F3 
3N45 


| 


50 | 2 2 so |) 
4 -O6 7 28- S I 80 > 
§} 95/113! 2] 2 80 
5*| 95 22 | 10 60 
5°} 95/| 22/10 | 20 80 
5*| 95/| 42! 10 60 
| 95 | 42] 10 80 
95 | 84/ 10 60 
95 | 84 
95 | 120 
95 | 75 
95 | 50 
95 75 
95 | 
95 | 100 
95 | 100 | 
95 | 25 
| 100 | 120 
3N49 100 | 120 
3N46 112 | 100! 80 
3N50 115 | 100) 80 
3N47 12 | 100) 120) 
3N51 112 100 | 120 
3N48 15 100 | 80 
3Ns2__—s 1s | 100) 80 
2N1658 | } 1 100 | 90 | 
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2N1659 | 1 100 | 90 


Notes 

1. For servo amplifiers, power conversion, voltage regulation, switching. Dissi- 
pates 10 watts at case temperature of 71 C. Metal case has stud for mounting and 
is 0.625-in. in diam 

2. For high-current and high-power applications such as power conversion, volt- 
ege regulator, switching, ete. Dissipate 25 watts at case temperature of 75 C. 
Stud-mounted, metal case has 1 3/32-in. diam, 
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POWER TRANSISTORS 


Rheem Semiconductor Corporation 


350 Ellis St.. Mountain View, California 


(Silicon ) 


Absolute max 
values 


———} —_——__—__} — 


Type | Vep Ic | Ts | 
No. volts | amp deg C 


| Electrical character- 

| istics at 25 C 

| heg at Ic | Iceo at Ves 
amp | ma 

RT5001 i oss 

RT5002 | 1 | 175 

RT5003 1 | 175 | 

RT5004 3 175 


volts | 


Note 
1. For magnetic memory drivers, oscillators, converters, inverters, servo ampli- 
fiers. Max power dissipation is 5 watts. TO-5 package 


Tung-Sol Electric, Inc. 
95 Eighth Ave., Newark, New Jersey 


Germanium, p-n-p) 


Electrical character- 
istics at 25 C 


Absolute max 
values 


Type Ves I Ts 


herr at Ic | Icpo at Ves Notes 
No volts . — 


amp deg C —— 
max |amp)| ma 


volts | 


as | 
25 
2s | 
25 | 
25 
40 
40 
50 
50 
60 
60 
80 
80 


2N242 100 | - » | 
2N378 100 | 45 
2N380 100 | 70 
2N379 100 | 70 
2N459 100 | 70 
2N441 100 | 40 
2N277 100 | 70 
2N442 : 100 | 40 
2N278 ‘ 100 | 70 
2N443 5 | 100! 40 
2N173 5 | 100 70 
2N174 5/100 50 
2N174A 5 100 80 


vinnwn 


2 
2 
2 
2 
5 
5 
5 
5 
5 
5 
5 
1 
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Notes 


1. For high-power audio service in mobile equipment. Asterisked value is Vice 
TO-3 package. 

2. For low-speed switching. Max dissipation at case temperature of 25 C is 
50 watts. TO-3 package 

3. For amplification 
(1.25 in. diam) with sted mounting. 


converters, inverters, regulators, control. Round metal case 


aoe 


3. For servo amplifier applications. Asterisked value is la. Dissipate 10 watts at 
case temperature of 71 C. Limits of current gain and transconductance are estab 
lished at 500 ma to make them useful in typical servo circuits. Same case as in 
Note 1 

4. For servo conversion, voltage regulation, switching. Dissi 
pate 10 watts at case temperature of 71 C. Same case as in Note ! 

>. Same ae Note I 

6. Same as Note 4 

7. High rrent, high-power, primarily for converting a 12-volt d-c supply to 
cither d-c of square-wave a-c at any output voltage, preferably by use of a two 
transformer circuit. Steady-state power dissipation of 100 watts at case temperature 
of 25 C or 28 watts at 75 C. Same case as in Note 2. 

8. Alloy-junction tetrode with two connections to base to improve linearity 
stability and frequency response. Recommended for direct-coupled power circuits 

ch as voltage regulators, for high-temperature operation, or when amplified 
leakage current is a problem. Also when high output power is required at low 
distortion levels. Dissipates 1 watt for every degree below 100 C. Stud-mounted, 
metal case has 0.850-in. diam 


amplifiers, power 


9. For switching and in pulse, servo, or audio amplifiers. Stud-mounted, cold 
welded case with flexible leads. Case diameter: 0.490 in 





_ Lubrication by Solids 


as a Design Parameter 


From the original equipment designers’ 
point of view, the most important uses of 
solid layer-lattice lubricants, such as molyb- 
denum disulfide, are for wear-in purposes 
(where the dangers of galling and seizing 
are highest) and for the lifetime pre-lu- 
brication of parts during assembly. Three 
principal forms are discussed — bonded 
coatings, paste concentrates, and disper- 
sions. Typical applications to electrically 


operated products are cited. 


ALFRED SONNTAG 
AcpHa-MoryKkote Corp. 
Stamford, Conn. 


To rntropuce the subject of lubrication by solids, one may 
well begin with a statement by Bowden and Tabor(/) :* 


“Even the smoothest surfaces are rough on an atomic scale, 
and placing them together is rather like turning Switzerland 
upside down and putting it on top of Austria. Contact occurs 
only at the tips of the peaks.” 


In imagining the sliding of Switzerland across Austria, 
we can visualize that whatever happens will largely depend 
upon the geometry of the boundaries, the nature of the 
surface deposits, and the physical properties of the core 
materials. Some mountain tops with near vertical slopes 
will interlock and break off. If the debris is too large to 
fit into the valley it will plow and gouge its way forward. 
Mountains or ridges with gentle slopes may skip over one 
another, depending upon the strength of the core, the slope 
angle, and the friction of the surfaces. 

If the sliding is repetitive (like a shaft revolving in a 
bearing) the mountain tops will gradually flatten (and the 
debris build up in the valleys)—and the total contact area 


Italic numerals in parentheses refer to Cited References at end of article 


will increase until it is large enough to support the weight 
of Switzerland. At this point, gross damage will stop; fast 
“wear-in” is completed and slow “wear-out” begins. 

Figure 1 shows the profiles of taper-sections of a ground 
steel shaft with the vertical dimension magnified 25 times 
more strongly than the horizontal (500 X). The top profile 
is from the shaft as ground, the other is as worn-in after 
6 hr of operation.(2) The flatness of the peaks on the 
worn-in specimen is a clue to the small portion of the 
apparent load-bearing surface. Lubrication engineers refer 
to the mechanics just described as boundary friction pro- 
ducing boundary wear, and the peaks as asperities. 

If the two sliding surfaces can be separated by a viscous 
fluid so that their boundaries (the asperities) cannot touch 
or collide, the lubrication is said to be hydrodynamic, and 
The coefficient of friction depends on slid 
0.00) 
to 0.003. However, a state of ideal hydrodynamic separation 


no wear occurs 
ing velocity and oil viscosity, and ranges from / 
can rarely be maintained in practice. There are invariably 
service conditions (low sliding velozities, starting, stopping, 
high loads, misalignments, et which cause the asperities 


When the liquid film is 
squeezed out or broken to the extent that the solid boun 


to engage in boundary contact 


daries of the two mating surfaces come into contact at 
many points, hydrodynamic lubrication has ended and lub 
rication by solids has begun. 


Fig. 1—Top—taper section of a surface of a steel shaft ground to 
8 microin. rms. Bottom—worn-in section after 6 hr using SAE-30 
motor oil for lubrication. (Vertical magnification, 12,500 X; 
horizontal magnification, 500 X.) 
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It is important to recognize that truly clean metal surfaces 
have no lubricity at all; in fact, they have a tendency to 
weld together upon contact. However, all metals have a 
solid lubricant naturally on their surfaces-—the oxide layer. 
The coefficient of friction of steel-on-steel, with oxide on 
the surfaces, ranges from 0.40 to 0.80 and will rise steadily 
as the oxide is removed until seizure occurs. 

The general task of boundary lubrication is one of pre- 
venting contact between clean metals by means of inter- 


posed solids. There are five basic methods of depositing 
those solids: 


(1) Deposition from a liquid phase by thermo-chemical reaction 
with the metal surface (EP and hypoid gear oils deposit com 
pounds of chlorine, sulfur and phosphorus in this manner) 

(2) Deposition of solids dispersed in liquids and carried by 
them into the boundary areas (colloidal molybdenum disulfide 
[MOSe] and graphite dispersions and zinc oxide 
Y xamples). 


greases are 


(3) Chemical pretreatments to develop inorganic 
lay ers (oxides, sulfides, phosphates and ‘ hrom ites! 

(4) Direct application of dry solid lubricants by rubbing, 
burnishing, tumbling, etc. (MoSe, because of its natural affinity 
for adherence, is the principal lubricant so applied) 

(5) Bonding lubricating solids to the wear surface by means 
of organic and inorganic coatings 


crystalline 


However applied, the solid-lubricant particles coat the 
boundaries of actual contact to reduce friction. The laminar 
materials (such as graphite and molybdenum disulfide) 
with their layer-lattice crystal structure (see Fig. 2) shear 
easily in the direction of the flatness of the flake, yet have 
great resistance to pressure and penetration in the other 
direction. 


Molybdenum disulfide has, further, a natural tendency 
to cling to metal and elastomeric surfaces. It also has lower 
static and kinetic coefficients of friction than graphite (see 
lable 1). But the most important of its characteristics from 


Fig. 2—Layer-lattice crystal structure of molybdenum disulfide. 
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the designer’s point of view is that its coefficient of friction 
actually decreases with increasing load (from about f 
0.10 at light loads to about f = 0.03 at extreme pressures 
approaching that of melting ice, f = 0.02). A recent test 
at 80,000 psi showed a coefficient of f = 0.02, and indications 
are that this may not be the lowest if ways and means are 
found to bring all the MoS, laminae into ideal orientation. 
In addition to the inorganic layer-lattice lubricants (mo- 


Table | — Coefficients of Friction of 
Four Types of Solid Lubricants 


| 
Coefficient of 
friction 
Solid lubricant =~ 
Kinetic Static 
0 40 
Steel on steel (dry) ; 0.40 to 
| 0. 80- 


| Molybdenum disulfide 
| natural ‘ 053 
Molybdenum disulfide, 
synthetic 106 
MoS, paste -concentrate 096 
Tungsten disulfide 098 
Titanium disulfide 


Tellurium disulfide 
Selenium disulfide 
Graphite, natural 
Graphite, colloidal 
22% in HO) 
Boron nitride 


Barium hydroxide 
Lead chloride 
Mica 

Silver iodide 

Tale 


Borax 

Kaolin 

Rottenstone 

Lead oxide, zinc oxide 
Vermiculite 


imorganics 


Iron-manganese- 
phosphate layer 

Iron-manganese-phosphate 
layer with molybdenum 
disulfide rubbed on top 

Sulfide melt (570 C 
“Sulfinuz” 


ers 


Chemical 
Conversion 
Lay 


Spermacceti wax (43 to 49 C 

Beeswax (60 to 63 C 

Bayberry wax (44 to 49 C 

Synthetic wax (comm 
average) (93 to 96 C) 

Polvethylene glycol (high 
MW 53 to 56C 


Hydrogenated tallow 
giveeride (59 to 63 C 
Candclilla wax (67 to 70 C 

Paraffin (49 to 77 C 
Montan wax (78 to 90 C 
Carnauba wax (83 to 86 C 


Organics 


Diethylene glycol stearate 
5410 59C 
Calcium stearate 
157 to 163 C) 
Aluminum stearate 
129 to 160 C) 
Sodium stearate 
198 to 210 C) 
Lithium-12-hydroxy 
| stearate (210 to 215 C) no 
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Friction variations plotted during wear-in of test specimen under incremental loading cycle 


lybdenum disulfide, graphite, and experimental materials 
such as silver iodide, tungsten disulfide, boron nitride, etc.) , 
there are other inorganics (such as white lead), chemical 
conversion layers (phosphate coatings), and organics (the 
waxes and stearates). Table I gives kinetic and static fric- 
tion coefficients for many of these, along with a stick-slip 
rating. (5) 

Since the organics lose lubricity at their melting points 
(or at the melting points of the soaps they form with the 
metal—215 C is tops) industry strongly favors the inor- 
ganics. The preference is for MoS., graphite and the phos- 
phate coatings. 


Coefficients of Friction 


Of great concern to every machine designer is the 
coefficient of friction on which he must base calculations 
of power requirements and/or actuating force. For hydro- 
dynamic lubrication, positive and reliable calculations are 
possible. For conditions of boundary friction, however, the 
designer is still not able to predict with any degree of 
accuracy what the coefficient of friction is going to be, 
especially mechanisms in which he is lacking prior experi- 
ence. 

The ranges given for boundary friction coefficients in 
current reference tables are intended only for general orien- 
tation. The ranges are wide, and the high’s and low’s given 
don’t even bracket the extremes which may be encountered. 
This is because mating metal combinations, surface hard- 
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ness, surface roughness, surface deposits, sliding velocity, 
bearing pressures, frictional heat, and (sometimes) humidity 
are all factors affecting the coefficient of friction. The in 
fluence of some of these factors was not even recognized 
at the time the reference-table data were assembled. Table 
II lists some of the best boundary-friction reference data 
for three mating metal combinations for both static (start- 
ing) friction and for kinetic (running) friction after wear-in 

Coefficients of friction during the wear-in period are 
rarely stated, although they are of great interest to the 
designer in calculating power and actuating-force require 
ments during this initial operating period. The reason for 
not giving data on coefficients during wear-in is that such 
coeficients range from the high’s given in column 4 of 
Table II to actual seizure of parts, depending on the care 
exercised during this critical period. In this respect, the 
use of molybdenum disulfide lubricants offers security 
against unpredictable high frictions during wear-in periods 
and the hazards of galling and seizing connected therewith 
Figure 3 illustrates typical friction phenomena during weat 
in. The strip-chart data were obtained from the lubricant. 
testing machine illustrated in Fig. 4. A four-channel re 
corder plotted load, friction force, temperature and speed 
against time (last two parameters not charted in Fig. 3). 
A common load-cycle curve and three friction-force curves 
are presented for three lubricants. A Timken ring slides on 
a steel block with initial line contact, broadening to narrow 
area contact as load is applied and wear occurs. The load 
is steplessly varied from 0 to 1000 lb; the speed from 40 
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to 1100 rpm. The average friction temperature is measured 
by a thermocouple, located 0.0075 in. below the contact area. 

During test run A, an SAE-90 mineral oil containing 5 
per cent of a zine-phosphorus-sulfur-chlorine E.P. additive 
was used. The speed was constant at 100 rpm. The load 
was increased by 100-lb increments every 60 sec. It may 
be seen that, concurrently with every load increment, there 
is a substantial increase in the friction force. The peaks 
indicate that (at the moment of load increase) the actual 
contact area between the test specimens is being enlarged 
and worn-in, until the increased load can be carried. There- 
after the friction force drops to a constant value. 

When repeating the load cycle with the same specimen 
(the right-hand series of steps), no peaks will occur in 
the friction force until the maximum load of the first cycle 
has been exceeded. This is understandable, since not until 
then is new contact area involved, and a peak again observed 
in the friction-force (and frictional-temperature) curve. The 
highest coefficient of friction during wear-in was f = 0.22; 
after wear-in was { = 0.13. 

In the second test, Fig. 3(B). a thin coating of paste 
containing a high concentration of MoS, for wear-in purposes 
was brushed on the Timken ring. The highest coefficient of 
friction during such wear-in was f = 0.15; after wear-in 
was f 0.10. The elimination of exaggerated wear-in 
peaks at load changes is apparent. 

lo understand how the solid lubricant can make so much 
diflerence, one must realize that wear-in involves deforma- 
tion of the peaks of the asperities to increase the actual 
area of load contact. At these metal-to-metal deformation 
points, the pressures must exceed the yield strength of the 
material (for example, 30 to 50,000 psi for low carbon 
steels). Only 
contact surfaces at extreme pressures, and of all the solids, 
molybdenum disulfide has, by a very large margin, the 
lowest coefficient of friction (its own flake shear strength) 


solids can remain interposed between the 


at such pressures 
Comparative conclusions to be drawn from curves A and 


Bo of Fig. 3 are: 


1. Use of liquid lubricants even E.P. lubricants may call 


for over-powcring the drives of machinery by 50 per cent or more, 


just to take care of the forces needed to overcome friction during 
The sume applies to mechanism actuating forces 
2. To avoid such over-powering, one may cither use very slow 


wearin 


ind careful wear-in processes or special wear-in pastes based on 
Mos 

Even if power is not a factor, one must avoid such violent 
wear-in peaks as characterize Curve A, because they reflect the 
violence with which surface asperitics are deformed or sheared 
Such violence is very likely to result in galling, which decreases 
the performance and life of the worn-in mechanism and may even 
cause seizing. The higher the peaks on the curve, the larger the 
size and quantity of the wear debris from asperities which will 
plough into other asperities and cause scoring. This extends the 


wearin process 


Figure 3(C) shows friction values during and after wear- 
in using a dry-film lubricant of MoS, applied to the 
Timken ring. It verifies the qualifications of dry MoS 
coatings for many low-velocity extreme-pressure applica- 
tions—the cold forming of metals, for example. The friction- 
force values divided by the load values show how the 
coeficient of friction drops with increasing load—from 
f = 0.07 at 100 lb to f = 0.04 at 600 Ib. Such extremely 
low levels of friction at such high test pressures cannot be 
approached with any other material. Even the addition to 
the dry MoS, of just enough liquid to form a paste (curve 
B) will increase the friction, and negate the lowering of 
the coefficient with increasing load. 


Forms and Types of Solid Lubricants 


Table III gives service properties of the eleven most 


DECEMBER 1960 


Test cup , SAE 4620 steel 
1.938" + 0.001" - 0.000" 0.0.;58-63 
Rockwell C hardness; 0.0 


surface finish , 20-30 microin. rms 


Test biock.o horden ng Grill 

rod 0.5000"+00000"-0,.0005" diom ; 
59-62 Rockwell C hordness 

Test surface finish, i0-15 


microin. rms 


ffed line shows 
area contact by mo 


f test block 


Fig. 4— Lubricant-testing device using tapered roller-bearing 
ring and self-aligning test block. Ring is motor driven and 
transducers apply load and measure friction force. Thermo- 
couple is inserted in test block. 


popular forms of solid layer-lattice lubricants, using com- 
mercial MoS, products as typical. The designer will find 
the field of life-of-part pre-lubrication (column 2) of most 
interest, but should also realize that the ability of solid 
lubricants to reduce friction and prevent seizing, galling 
and fretting (and to press-fit more smoothly and at lower 


Table ll — Coefficients of Boundary Friction for 
Three Mating Material Combinations 


Static (starting) coefficient Kinetic (running) coefficient 


Unlubricated Liquid Dry Liquid Dry 
except for lubricated lubricated lubricated lubricated 
oxides on with with after after 
surfaces indicated MoS: wear-in® wear-in* 

materials 


@ Stee! on 


0.07 (25,000 psi 
0.10" @ 50 fpm) 
to y 0.03 (80,000 psi 
0.20 @ 50 fpm) 
0.053 (10,000 psi 
@ 6 in. /min) 


0.075 
3,400 psi 
@ 6 in. min) 


0.031 
(100,000 psi 
@ 6 in. /min) 


‘For friction during wear-in, sec 
Fig. 3(A). 


*For friction during wear-in see Fig. 
3(C) 


*Rape oil, castor oil and mineral) oil. 
*Fatty acids and paraffin oil. 
Lubricant not identified. 


Data for columns 1 and 2 (and 4 on steel) from Bowden and Tabor, 
Ref. (1); for columns 3 and 5, from tests by Alpha-Molykote Corp.: 
for column 4 on bronze, from Machinery Handbook 


114 





Table ll! — Comparison of Various Types of Molybdenum Disulfide Solid Lubricants 


Purpose of lubrication 


Form 


of Lubrication 
Life-of-part of 
MoS pre- 


lubrication 


Wear-in 


lubrication 


mechanisms 
during 
operation 


Powder 


Powder in 
propellant 


In 
air-dry 


resin 


In 
bake 
resin 


coatings 


Bonded 


In 
inorganic 
binder 


In 
muneral 


m 
~ 
= 
= 


silicones 


In 


diesters 


In 
glycols 


* As ingredient in powder metal, plastic and clastomeric parts 


On threaded connections and in certain other applications (anti-gal! 
tures wel) above those indicated. The liquid carrier then evaporates 


and, in the absence of air, to considerably beyond that limit 


force) will influence his designs. 

The table shows that the paste-concentrate form has the 
greatest versatility of use; the dry powder excels in tem- 
perature range; the bonded coatings perform under the 
broadest pattern of service environments; and whereas all 
forms are used on metal, only some are appropriate to 
other materials. 

Bonded MoS. Coatings over Surface Pretreatments. One of 
the newest forms of interest to designers is a combination 
of MoS, achieved by applying the 
bonded coatings over chemical pretreatments. Bonded dry- 
film lubrication with molybdenum disulfide (in baked or 
air-drieu coatings applied over carefully prepared surfaces) 


and phosphate coating 


is permitting designers to specify life-of-part pre-lubrication 


as a manufacturer's specification wherever any of the 


following ten circumstances obtain: (1) parts are in 


a‘ cessible after assembly (as in locks or flexible shafts) ; 
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Cutting 


torming 


ng and anti-scizing 


Preferred 
method 
of 
applica 
Anti-galling tion 
Reduce 
fretting 


and Press and 


hitting anti-se1zing 


Rub, tum 
ble and 
incorp'tion* 


Aerosol 
spray 


Spray, 
brush, tum 
ble, dip 


Spray, 
tumble, 
dip 


Spray, 
brush 


Grease, 


wipe 


Grease 


Grease 


Flow. 


pump 


Flow, 


pump, 
brush 


these concentrates are extensively used at tempere- 
leaving MoS: powder, which remains an effective lubricant to 750 F 


(2) one dare not rely on maintenance oiling (domestic ap 
pliances) or on mechanisms to pump oil in extreme en- 
vironments (aircraft and missile articulations); (3) design 


would benefit from eliminating oil cups, passages and 
reservoirs (electrical equipment); (4) slow motions and/or 
extreme bearing pressures mitigate against liquid lubricants 
(knuckles and joints in heavy machinery); (5) dust would 
wreak damage by collecting in tacky greases (exposed year 
ing in mining and construction equipment); (6) fretting 
may occur in vibratory environments (splines, arbors and 
keyways; (7) nuclear radiation would decompose other 
lubricants; (8) ambient or frictional temperatures would 
exceed the durability limits of the liquid lubricants (oven 
chain-and-sprocket lubrication); (9) 
involves long periods of part disuse (safety-release mechan 
and (10) slow motions might induce stick-slip (ma- 


chine ways). 


intermittent action 


Isms} ; 
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at extremely high service temperatures (up to 1200 F and 

-—_.- beyond) is obtained with new coatings bonded with inor- 
ganic compounds (silicates and such). 

When specifying bonded dry-film pre-lubrication, the 

- . - designer should recognize that production techniques are 

Tempera- | Recommended OK OK | OK specialized and that controls are critical. He should consult 

ture for use on for for | for with specialists in the field before finalizing specifications. 


Service properties 


range, 2 | e | | dusty (steam and’ nuclear The cost of materials is minute—a few dozen drops often 


deg F ee : atmos- | corrosive radia being enough to process thousands of parts. Cost is almost en- 
pheres |conditions| tion 


tirely a total of time, material handling and the amortization 
of sand blasting, cleaning, spraying, tumbling and baking 


300 to equipment. 


750 

Powder and Concentrate Forms 
ta Powder and paste-concentrate forms are important to the 
designer because they can be used in the assembly of the 
manufactured product (as distinct from its lubrication dur- 
100 to 3 S| ing operation in the field). Rubbing with MoS, powder is 
wo | a common finish for precision cams, bearings and lapped 
threads on instruments and fine machinery. For the most 
exacting tolerance work, the thinnest coatings of molybdenum 
disulfide are so applied. Careful dry rubbing of the powder 
with linen at pressures over 30 psi will build adhered MoS, 
layers slightly less than a millionth of an inch.(3) More 

65 to : likely, commercially rubbed films are twenty times this 
1200 4 thickness (0.000012 in.). Leather and chamois-lined wooden 
jigs are sometimes used instead of linen. 

The aerosol spray form oi MoS, is convenient in applica- 
tion and for coating hard-to-reach surfaces. A binder resin 
is used for adherence so that coatings so applied are 
sometimes classified as air-dry bonded coatings. Both the 
aerosol and powder forms (tumbled) can coat—-in addition 
to metallic parts—non-metallics (such as plastic and elas- 

55 tomeric materials) which might be sensitive to the solvents 
to 400 : s Ss necessary in applying bonded coatings. 
The most versatile of all forms of solid lubricants are the 
100 paste-concentrates (see Table III) applied by brush or 
to 225 ; wipe methods. The MoS, pastes serve as: (1) anti-seizing 


100 to 
400 


0 
to 250 


40 
to 350 


compounds on important threaded connections which may 

later require disassembly; (2) anti-gailing compounds which 

permit critical bolts, nuts and studs to be drawn up to 

greater tightness without excessive torque (at heat exchanger 

heads, for example); (3) press-fitting lubes which eliminate 

40 to Eis S stick-slip, reduce pressing forces required at assembly and 
350 disassembly, and solve out-of-round difficulties due to metal 

or ceiteiiie tas taillcated tos pick-up (precision antifriction bearing races, piston sleeves, 
5 «satisfactory for indicated use ete.) ; (4) wear-in lubricants, applied during assembly to 


| Excess wiped off after application J r 
all sliding surfaces, including gears and indexing assemblies. 


On the negative side, one must record the following limi- 
tations of bonded dry-film lubrication: (1) the coating is 
ot renewable without mechanism disassembly and will last 
only so long (some 200,000 ft of linear sliding distance 
under high-bearing-pressure conditions); (2) the lubricant 
will have no cooling effect; and (3) extreme care is vital 
in cleaning and roughening the surface by either mechanical 
or chemical means, (2) 

Bonded coatings fall into three general types, all heavily 
loaded with molybdenum disulfide and supplementary Jub 
ricating solids (graphite, silver, etc.) to the extent of 50 
to 80 per cent by weight. Because they are the easiest to 
apply, the most widely used coatings are the air-dry varieties 
with thermoplastics (such as the vinyls) as binders. Better 
service life (perhaps 2-to-1) can be obtained from those Temperoture, deg C 
coatings which employ the thermosets (epoxies or phenolics) rig. 5 Resistance and conductivity of MoSe over temperature 
as binders and require oven baking for curing. Longest life range (Ref. Inorganic Chemistry, Vol. Il, J. J. Mellor). 
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Five examples are illustrated (above) of 
solid lubrication by means of the powder, 
the bonded-coating, and the paste-concen- 
trate forms of lubricant, on ferrous, non- 
ferrous, and plastic parts produced by 
casting, stamping and machining — all 
typical of electrical equipment, from 
switchgear to dictating machines, in 
which lifetime pre-lubrication is part of 
the design. 


A—By brushing the solenoid plunger for 
automotive and aircraft starter systems 
with an MoSe concentrate in silicone 
grease, a wear life on the test bench five 


Case Histories 


was obtained. The solenoid will now 
cycle 40 million times without sticking. 


B—Service calls were reduced in the 
trafic controller by brushing nine 
stamped and screw-machine turned parts 
with a silicone grease containing solid 
lubricants, before assembly. Here, ex- 
tremes of temperature and humidity in 
cutdoor exposure are a factor. 


C—The intricate face cam of phenolic 
plastic, for an electric washing machine 
timer, was sprayed at assembly with an 
air-dry molybdenum disulfide bonded 
coating material (row three in Table II). 
Its maker reports that “the timing device 


now outlasts the other parts of the ma- 
chine.” 


D-The die-cast aluminum cams in a 
motor-operated signal controller were 
wiped with a Molykote paste-concentrate 
for reduction of wear, and the designer 
discovered an “extra” in terms of meas 
urably lees power required to operate the 


device. 


E— Guarantee on the watt-hour meter was 
changed from a limited to a lifetime 
basis, with fine-particle-size MoS, lubri- 
cation of the cobalt-alloy ball and sap 
phire-jewel bearing under the turning 
disk. 


times greater than previous experience 


Molybdenum Disulfide Properties 


Electrically, MoS, is diamagnetic and a semiconductor. 
Recent tests on the fine powder show dielectric constants 
at high frequencies which scale down from 130,000 at 100 
me through 100 at 10° mc to 5 at 10'° me. (6) At low fre- 
quencies it serves well as a make-and-break contact lub- 
ricant, and a lubricating conductor in the anode structure 
of X-ray tubes. (7) Resistance and conductivity curves are 
given in Fig. 5. 

Thermal stability is a very important attribute of the 
molybdenum disulfide lubricants. The compound is stable 
and retains its lubricity from —300 to +-750 F in air, and 
up to 2000 F in the absence of air. Designers should re- 
member that, in highly-loaded bearing service, friction raises 
the surface temperature at the point of wear. Measurements 
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with bonded coatings in simulated service testing show, for 
example, temperature rises of 75 to 235 F above ambient 
at the wear scar. With other than the dry powders, the 
temperature limitations of solid lubricants are imposed by 
the bonding materials, the dispersing fluids, or the carrier 
greases (compare service temperature ranges in Table III). 

From the corrosion standpoint, good lubricating grades of 
molybdenum disulfide may be classified as inert materials. 
They will not corrode or chemically attack ferrous or non- 
ferrous metals. The sulfur is chemically bound in the 
MoS, molecule and does not react as active sulfur. Copper- 
strip corrosion tests conducted with paste-concentrates show 
no staining of the copper. However, since molybdenum 
disulfide oxidizes to molybdic oxide and the oxides of 
sulfur, the powders are not recommended for service in 
direct contact with high-temperature steam. 
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Some of the baked bonded coatings (Table III) can meet 
and exceed the requirements of Specification MIL-L-25504A 
(USAF) and MIL-L-22273 (Wep) Lubricant, Solid Film. 
These specifications require 500 hr minimum exposure to 95 
per cent RH at !20 F, and resistance to 24-120 hr immersion 
in distilled water, hydrocarbon test fluids, dioxane solvent, 
engine oil, silicone fluids, and lubricating oils. 

An important attribute of molybdenum disulfide lub- 
ricants is their resistance to nuclear radiation. Petroleum 
and other organic oils and greases fail when exposed to 
test radiation levels over 10° ergs as, for example, at 
nuclear power plants. The dry powders of MoS. are out- 
standing in their inertness to radiation, and the new bonded 
coatings lose but little in wear life 

Particle size of molybdenum disulfide is a controllable 
variable. Some lubricating applications require very fine 
material (%- to 7-micron flakes) for entering tight spaces, 
filling the valleys between asperities on finely ground sur- 
faces, or remaining stable in dispersion. Other applications 
favor larger flakes (up to 64 microns) for particle orienta- 
tion, less total surface of particles exposed to oxidation, or 
thicker layers. 


Applications in Product Design 


The influence of solid lubrication upon mechanical design 
is best shown through typical applications. Dominant, of 
course, is the ability to reduce friction, with MoS, lubrica- 
tion, to the coeficients given in Tables I and II, and in 
Fig. 3 (B) and (C), and thus save power. A good illustra- 
tion would be in the design of the power screw of a 
mechanical press or testing machine 

Most obvious among the design benefits of solid lubrica- 
tion is the ability to reduce the weight and complexity of 
mechanisms by eliminating oil cups and oil pressure sys- 
tems wherever conditions appropriate to dry lubrication 
exist. Outstanding examples of reducing weight and com- 
plexity by solid lubrication are to be found in aeronautical 
and astronautical mechanisms. Indeed, it was the need to 
get away from lubricating oil lines in aircraft (where vibra- 
tion and extremes of temperature are conducive to oil-line 
failure) that really launched molybdenum disulfide bonded 
coatings during the early “fifties.” 

A strong present-day influence of the solid lubricants upon 
design is the opportunity to specify lubricated joints and 
bearings where one could not do so before. The classic 
example on the low-temperature side is lubrication for cryo- 
genic service; on the high-temperature side, lubrication of 
actuators located in the jet stream 

Another modern environment which calls for solid rather 
than liquid lubrication is associated with vibratory mechan- 
isms. Vibration aggravates problems of “fretting”. Liquid 
lubricants cannot cure fretting, because there is no con- 
tinuous relative motion of parts to maintain a viscous hydro- 
dynamic layer. The dry long-sought 
answer 


lubricants offer a 
Dry lubricants can be homogeneously 
throughout the material as an ingredient, as in powder 
metallurgy, molded plastics, and carbon compacts. New 
Teflon and nylon materials with MoS, loadings are being 
used to increase service life. A new resin-MoS, casting 
material containing over 86 per cent solid lubricants, de- 
veloped in Germany, will shortly be introduced here. There 
has been work in France with molybdenum disulfide as an 
additive for phenolic resins. (8) Loadings of 8 to 12 per cent 
by weight have produced such products as bearings for 
heavy machinery and a laminated self-lubricating sheet for 
slideways and guide plates. 

The designer responsible for assuring proper run-in of 
machinery and mechanisms can now specify MoS, wear-in 
compounds and be certain of adequate protection during 
the critical early operating period. A recent idea is to apply 


incorporated 


DECEMBER 1960 


bonded solid lubricants to critical parts before assembly. 
Then, run-in can be done with normal operating oils or 
greases. The solid-lubricant coating will wear away under 
the influence of the liquid lubricant, but not until well be- 
yond any conceivable break-in period. Where equipment 
is run in at the factory, dispersions of molybdenum disulfide 
are often used in the normal hydrodynamic lubricants. 

Galling and seizing have long defied the designer in his 
efforts to obtain calculated tensions in bolted and threaded 
assemblies. Even the use of torque wrenches is no assurance 
that design torques will exist if stick-slip can occur. Should 
the application of wrench force be momentarily interrupted, 
a large gap between static and kinetic friction can result in 
either dangerous underloading or damaging overloading of 
the thread. The proper MoS, paste assures uniform friction 
without galling, seizing or stick-slip (see Table III), and 
accounts for the greatest consumption of MoS, concentrates 
the world over (including pipe lines). 

Press fittings may be much more widely specified by de 
signers today, thanks to the solid lubricants. Heretofore. 
metal pickup (an invariable concomitant of stick-slip) dur- 
ing press fitting was almost impossible to avoid. Consequent 
distortions of parts often violated out-of-round and axial- 
position tolerances—most commonly during the fitting of 
sleeve bearings and the inner and outer rings of antifriction 
bearings. To prevent this, the powder form of molybdenum 
disulfide (rubbed onto the interference surfaces) is specified 
for fine-finish work (under 25 microin. rms) while the paste- 
concentrate form is better for press-fitting the rougher 
surfaces. 

With solid lubricants, gears, sprockets and cams can be 
mounted on shafts through press fitting for friction holds 
in replacement of more expensive (and relatively sloppy) 
keyways and other mechanical locks. Keyways have been 
used chiefly because designers feared galling and seizing 
now largely avoidable. 

Dry-rubbed and dry-bonded lubricating films do not pick 
up dust, nor do they require confined spaces about them to 
retain liquid lubricants. Thus housings, boots, and sleeves 
around lubricated joints can sometimes be eliminated. 
Swivels, universal joints, clutch facings and spherical bear- 
ings are good examples of previously housed mechanisms 
now dry lubricated and operated in the open. 

But the paramount attribute of dry solid lubrication for 
the designer is the ability to specify life-of-mechanism lubri- 
cation of parts before assembly. Lubrication by solids is 
no longer mere “special procedure”. What it offers in life- 
time pre-lubrication of parts, and in wider design free- 
doms, is too fundamental and progressive. The era of “dry- 
slipperiness” is here. Oooo 
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+. JUNCTION TRANSISTORS 


Energy-level diagrams are used to develop the current equations 
which define the operation of junction transistors. From these, the 
various characteristics (current amplification, emitter resistance, col- 
lector resistance, emitter feedback coefficient) are developed. All are 


necessary factors in the analysis of the transistor as a circuit element. 


ALBERT A. SORENSEN of an inch thick. A junction transistor may be considered 
Research and Development Division to be made in the same way as a junction diode—by 
Space Tecunorocy Laporatories, INc. 


Kath Biinine, Callleeaie pulling the crystal, alternately adding n- and p-type im 
4 é a, * ) é 


purities to the material. 

Energy-Level Diagrams and Common-Base Char- 
acteristics. To illustrate energy-level diagrams for trans- 
istors, we shall use an n-p-n transistor as a model. The 
n-p-n and the p-n-p transistors are complements of one 


General. Transistor action is the control of current another. That is, all voltages and currents have opposite 


in one terminal by the current in another terminal of 
a semiconductor. In general, the impedance levels are 
different. Therefore. a transistor is capable of produc 


polarities, the energy-level diagrams are inverted, et 
If we draw the energy-level diagram for an n-p-n 
transistor without biases, we have something analogous 
° ‘ > ; » ; ; . b ge ' » . sil 

ing voltage and/or current gain and power gain. to an unbiased diode (Fig. 16 The Fermi levels will 


Junction transistors are made up of three extrinsi line up. No net external current will flow. Barriers are 


regions of alternate doping. They may be, therefore, of formed at the emitter and collector junctions 


two types: n-p-n and p-n-p. An ohmic contact is made The net current flowing across the emitter junction is 


to each region and leads are brought out. The center zero. The same holds true for the collector junction. Thus: 


region is termed the base (denoted by “b” subscripts). I, = Wye + Ins® — Ine — I ® = 0 (53)4 
One of the end regions (usually the largest) is called L whe Eat oh Fl na (54) 
the collector (“c” subscripts) and the opposite end region 
is called the emitter (“e” subscripts). 

The base region is made quite thin relative to the 
other two in order to obtain good high-frequency re 


sponse. The base generally will be from 1 to 2 thousandths ile a eth Party 1 a oO and N issues, @ 


The currents with asterisks (*) indicate that this par- 
ticular current splits and flows two ways in such a 
manner as to keep the Fermi levels constant and to 
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satisfy the equations. Note that the hole and electron 
currents shown are average currents which flow even 
when no external currents flow. This may be thought 
of as being analogous to molecular gas flow in a room. 
Half of the molecules may be going one direction, and 
half in the opposite direction, but there is no wind felt. 

If the emitter of the transistor is left unconnected and 


a positive voltage (V.) is applied to the collector, then 


the collector region will be forced lower relative to the 
other regions. This is shown in Fig. 17. 
The emitter current must still be zero. This is satisfied 
by the equations: 
l, la. 7 (55) 
! i, (56) 


This collector current is small and is voltage-inde 
pendent. It is called J... and 


current. Do not confuse this with the quantity /,, 


is the transistor leakage 
. which 
is much larger and is the leakage current between col 
lector and emitter with base open. Both are sometimes 


called / 


If the collector is left unbiased and a negative voltage 


which is confusing. 


Fig. 16 
biases. 


Energy-level diagram for an n-p-n transistor without 


Fig. 18— Energy-level diagram of a transistor with a negative 
voltage applied to the emitter. 
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(—V,) is applied to the emitter, then the emitter region 
is raised relative to the other regions and emitter current 
flows. The collector current will remain zero. The energy- 
level diagram for this case is shown in Fig. 18. The 
equations this time are: 

ee ee © ee cee (57) 

5 ie hel =~ fam bt (58) 
Note that J, is large and negative. If V. is increased 
negatively, then J, will increase negatively. This is the 
forward characteristic of the emitter-base diode. Now, 
if V. is reapplied, it will first attempt to increase —/,, 
but the effect soon saturates for increasing V.. These 
effects are plotted to give the transistor common-base 
emitter characteristics shown in Fig. 19. 

Transistor bias such as that just given for an n-p-n 
transistor, with collector positive with respect to base 
and emitter negative with respect to base, is termed 
forward bias. The energy-level diagram for this case is 
shown in Fig. 20. 

The formulas for current for the normally biased 
transistors, neglecting base current, are: 


Fig. 17 — Energy-level diagram of a transistor with a positive 
voltage applied to the collector. 


Fig. 19 
transistor. 


Common-base emitter characteristics for an n-p-n 
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Fig. 20—Energy-level diagram for a forward-biased n-p-n 
transistor. 





Fig. 21 Common-base collector characteristics for a forward- 
biased transistor. 


I, = Ipe — Ine — Tyr — Te (59) 

Cai + fade tik, (60) 
Note that, as the emitter voltage increases negatively 
(which may be related to emitter current increasing 
negatively from the emitter characteristics), the col- 
lector current increases markedly. A family of curves 
may be plotted as functions of /., V. and —/,. These 
are shown in Fig. 21 and are called the common-base 
collector characteristics. Note that this curve includes 
1.4. and indicates that, except at low emitter currents, 
the collector current is slightly less than the emitter 
current. 

Observing the energy-level diagram for the forward 
(normally) biased transistor (n-p-n), we see that we 
may consider transistor action to be the injection of 
electrons into the base region by the emitter, the transfer 
of these injected electrons to the collector junction, and 
the injection of these electrons across the collector junc- 
tion to increase the collector current. For a p-n-p trans- 
istor, the majority carrier is holes. The characteristics 
of a p-n-p transistor are identical if the signs of all quan- 
tities are reversed. 

A general rule may be given to aid in determining 
biases for normal transistor action. The emitter is for- 
‘ard biased with respect to the base and the collector 

reverse biased. 
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Current-Amplification Factor. The current gain of 
a common-base connected transistor is slightly less than 
unity and is given by the quantity a, where a is de- 


fined as: 


al 
al, \ (61) 


Since transistor action is effected by the emitter injec 
tion of majority carriers into the base region, by the 
transfer of these injected carriers to the collector junc 
tion, and by the action of these carriers on the collector 
junction to increase the collector current, a may be 


considered to be: 


“ here 
a* = collector efficiency 
8* = transfer efficiency 
y* = injection efficiency 
We may define these efficiencies in terms of partial 


derivatives. all with |’. constant: 


al 
lf 


“ here 


l, total collector junction current 

I, = total emitter junction current 

I... = electron current through collector junction 
1... = electron current through emitter junction 


Note that these definitions are for an n-p-n transistor, 
as will be the derivations to follow. Results will be given 
for a p-n-p transistor also. We will consider a*. 8* and 
individually. 
@ Emitter Injection Efficiency 
first find the ratio of the magnitudes of hole and ele 


To find »*, we must 
tron currents at the emitter junction. We may write 


Boltzmann's equation for holes: 


and for electrons: 


n nf ,* (>) 


where p and n, are the injected holes and electrons 
Since L,,, the diffusion length for holes, is much less 
than the emitter width, the hole current is: 


qD,p 
Line 


(66) 


Ine & 


where D, is the diffusion constant for holes. The electron 
current is: 

~ 1D. 

Nu 


(67) 


where D,, is the diffusion constant for holes and W is the 
base width. The term W appears in this equation since 
the diffusion length for electrons is much greater than 
the width of the base. The emitter injection efficiency 
may be written 


leg 
Mo Net lee TF Iola 


(68) 


since /,,/1,, 1. Substituting from Eqs (64) to (67) 


into Eq (68): 


qD,p.W 
qD, nol 


dD, “ iD 


(69) 
Dy Lpet. ; 


We may now use the Einstein expression which relates 
the diffusion constants to jy», the hole mobility, and ,,, 
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the electron mobility: 
D, = phT/q, Du = uakT/Q 


Substituting Eq (70) into Eq (69), we have 


Hy yr 


for n p n 
palipells 


l unWin for p-n-p 
HplneDe 

@ Transfer Efficiency. To find 8*, we must first find 
the ratio of diffusion current to recombination current 
in the base region. If # » Lay, an excess number of 
electrons (An/2) die out, which produces a diffusion 
current proportional to the gradient of An/2L,». Recom- 
bination then takes place over a volume of the base of 
thickness ,,. At any point in this region the recombina- 
tion current is proportional to the density of excess 
carriers at that point. 


Now, if the base thickness is W < L, 


a constant recombination rate, the recombination current 


and we have 


will be smaller by the ratio of W/L,,. The recombination 
current is therefore proportional to (An/2L,,)(W/Ly»). 
where An/2 is the average density of excess electrons 
in the base. 

The diffusion current across the base is proportional 
to An/W. The ratio of recombination to diffusion current 
is therefore 


/ “NW 
/ 2I 


The transfer efhciency was written 


al, 
Mae 


“ here 
I herefore 


/ 


») 
a!, 


Substituting from Eq ( 


WW 


of. for n p-n 


LD) 


2h 


for p-n-p 


@ Collector Efficiency. A forward bias across the 
emitter junction serves to increase the number of elec- 
trons in the base region in an n-p-n transistor. These 
electrons flow by diffusion across the base region and 
fall into the collector junction. Under normal conditions, 
these electrons do not affect the diffusion current of 
holes flowing out of the collector, so that /, Tae + Tne 
and a*® 1. This is not generally true, since the con- 
duction current from holes (minority carriers) in the 
collector region is not so small that it may be ignored. 

It can be shown that 


ive hae (76) 
TnPetp QD ype (” ) 
+ 1 
Nebhn | Me 


Ia (1 


and that 


| herefore, 


l ) (78) 
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al, _— al, ye Fine — al, 


; él... ¥ Sd uc él... S OT ne x1 


So that 


Pebp 
Nechin 


for n-p- 


Nein oe — 
Petty 

@ Avalanche Multiplication. We saw in the case of a 
diode that the avalanche breakdown served to lower the 
inverse voltage rating of the diode. This same avalanche 
multiplication effect in the transistor serves to limit the 
maximum collector voltage, but also causes the a of 
the transistor to go up because of the generation of 
secondary carriers within the collector region. 

There is no satisfactory theory to describe this in- 
crease, but there exists a quantitative relationship to de- 
scribe the effect. The avalanche multiplication ratio 8* is: 

1 


° = 9 
. 1—(V./V.) (82) 


where }, is the ultimate avalanche voltage breakdown of 
the transistor. At sufficiently high collector voltages, 5* 
should be multiplied times a*, 8* and y* to give the 
true transistor a. 

@ Overall Current Gain. The overall current gain of 


the transistor is therefore: 
bes (: , pein )( - *) - upWpr, 
'  Neltn 2L.3? Malpele 


Nebin Ww unaWr ) 
(: : nae) (1 : o1)() a pl-nePe for p-n-p (84) 


The a will range between 0.900 and 0.996 in most trans- 
istors. If @ is greater than unity, the transistor is un- 
stable (bistable, etc.). The a is a function of emitter 
current, collector voltage and temperature. Curves show- 
ing variation with /, and V. for a typical transistor are 
shown in Fig. 22. As the temperature increases, a in- 
creases toward unity. 

@ Collector-Base Current Gain. The collector-base cur- 
rent gain is called 8 and is defined as 


for n-p-n (83) 


él, 
al, y, 


L=-I1,-1, 


Fig. 22 — Variation of a with emitter current (a) and collector 
voltage (b). 





Fig. 23 — Schematic showing various base widths. 


al 
al 


(89) 


@ Frequency Effects. The formulas for a and 8 that 
we have developed are applicable only for low frequen 
cies. At high frequencies (high being a relative term 
depending on doping, geometry, etc. of the transistor), 
the a and 8 fall off and become complex. This effect 
may be approximately accounted for by defining high 
frequency a and 8 


(90) 


and 


(91) 
where /,,. is the cutoff frequency defined as the frequency 
at which a becomes 0.707 of its low-frequency value. 


Approximately: 


0.39D, 


Wi ; for rn Pp rn 


0.39D, 


We for p-n-p 


These formulas account for first-order effects and are 
suitable for use with high-frequency analysis, but not 
switching-time analysis. 

Equivalent-Circuit Parameters. We may 
various parameters for the transistor other than a and 
8. These parameters will have the dimensions of resistance 


define 


or conductance and will be used to relate voltage to 
current in various parts of the transistor. They will be 
used to define a transistor equivalent circuit. 

@ Emitter Resistance. To relate voltage and current 
at the emitter junction, we define an emitter resistance 
r, and an emitter conductance g,. The relation is: 

av, l 


r. = 
? al, \y Je 


The hole current in the emitter is 


qD, phew, ‘Ty — J) 


le = j 


The electron current in the emitter is 


qD, met, 


Ine uu 


80 that 


dD, hp ") - 
af " Ra 


Differentiating, 


Obes f(D, (07) 
av, kT “ Lope 


current is 


reasonably large, p. is small and the emitter 


Du PoP ea 
af a.m : 


and 


kl 
ql, 


re 


@ Collector Resistance. To relate voltage and current 
at the collector junction, we define a collector resistance 


r. and a collector conductance g,. The relation is 


al | 
al J 


(100) 


I.=al, 


él, Hal,) 


Ge al. al (101) 


which may be written 
— . (102) 


tut, from Eq (75), 


da as* 


) 
WwW ow 7 (103 


It remains to evaluate 0W/aV.. When discussing the 
barrier width of a diode, we found that this width is 
proportional to the 4% power of the barrier voltage 

Eq (47) ]. In a transistor, this increase in barrier width 
with increasing collector voltage tends to decrease the 
effective electrical width of the base region. If W’ is the 
physical base width, W is the electrical base width, and 
W, is the barrier width, the situation appears as shown 
in Fig. 23. 

Rewriting Eq (47) for the collector junction, we get 


(104) 


But 


Therefore 


Therefore 
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(108) 


> Ww" 2 | 
2 ql. Liaw? Qtielons 


0. The value of 
V. necessary to do this is called V,, the punch-through 


Note that for a large enough IV, gz, 


voltage. This is the maximum useful collector voltage. 
At punch-through, the effective electrical width of the 
base becomes zero and transistor action ceases, That is, 


uN Oand W, u 
At punch-through [from Eq (104) ] we have 


} 


I) “ (109) 


Substituting into Eq (108) and simplifying, 


LK) -4 


Chis formula relates the collector conductance to | 


(110) 


» and 
V. if Vy is known. For a p-n-p transistor, the term /,, 
must be replaced by | 

@ Emitter Feedback Coefficient. The widening of the 
barrier with increased collector voltage results in an 
increase in the emitter current if the emitter voltage is 
held constant. To represent this, we shall use a current 
generator across the emitter junction. The propertion- 


ality factor we call g,. and it is defined as 


al, al, au 


al Ww” al (IIT) 


For an n-p-n transistor, /,, 
ind thus /, 


is much greater than /,.. 


is approximately equal to /,,. Therefore, 


qDrugt 112 
W (112) 
Differentiating, 


al, qb mee 
aw W 


Substituting Eq (112), 


al, | 
av Lh 


Substituting Eqs 


(107) and (114) into kq (111), 


/, 2 
2u ( qn ) Me 


Substituting W’ —W, for W in Eq (115) and using Eqs 
(104) and (109) for Wy, and W', we may write g,, in 


terms of re. ] 


(115) 


and V,: 


we * (V,/V.A RH 1 


(116) 


@ Base Resistance. There is an ohmic drop between 


the external base connection and the effective internal 


——o 


Fig. 24— Physical equivalent 
parameters, 


circuit showing small-signal 
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base. This is due to the resistivity of the base material 
and of the ohmic contact to the base region. Since the 
ohmic contact to the base region is of necessity narrow, 
its resistance is fairly high. The resistance of the base 
material becomes high since the resistance is a function 
of the volume of the base and thus of the base width. 
Due to the variation of the base width with V,, r, (the 
base resistance) also varies, but for a first order approxi- 
mation it is considered as a constant. Formulas for ry, 
are extremely complex and will not be given. The base 
resistance is undesirable and efforts are made to reduce it. 

One way to make the base resistance small would be 
to increase the base width, but this lowers the frequency 
response of the transistor. Some compromise is normally 
made between these two desirable qualities. 

Equivalent Circuits. All of the preceding quantities 
have been defined in terms of partial derivatives. These 
partial derivatives are taken at some point, known as 
the operating point, of the transistor. The operating 
point is completely defined by the values of /,, V. and 
temperature 7. Transistor characteristics are quite non- 
linear with changes in the operating point. The quanti- 
ties a, 8, Te, Tc, Tp and Z--, are known as small-signal para- 
meters. In order to analyze a non-linear circuit with 
linear mathematics, the assumption is made that the 
operation is for small signals about some constant oper- 
ating point. The small-signal parameters are thus seen 
to be slopes or differentials of the transistor characteris- 
tics at that operating point. The small-signal parameters 
will in general be different for some other operating point. 

How the operating point is determined and stabilized 
will be determined later, as will how the small-signal 
parameters change with changing operating point. Suffice 
it to say for now that the equivalent circuits we are about 
to develop are valid only for small-signal operation. These 
equivalent circuits permit the analysis of the transistor 
as a circuit element. 

@ Physical Equivalent Circuit. The small-signal para- 
meters we have evaluated were developed from physical 
considerations. The equivalent circuit that includes these 
parameters is termed the physical equivalent circuit and 
is shown in Fig. 24. In this circuit, 6’ is the internal 
effective base. We may write the mesh equations for this 
circuit in terms of i,, i., v; and v. (small letters denote 


a-c or small signals) 
Dr = tlhe + Po + Goce) + i —Ts — Goch e’e) 
(117) 


th = if{r + ar.) + i(—n — i) 


This circuit has some disadvantages for simple usage in 
circuit analysis. These may be overcome by proposing 
a simpler “tee” equivalent circuit. 


Fig. 25 — Current-equivalent circuit for a common-base con- 


nection 
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@ Common-Base Equivalent Circuit. For the common- 
base connection of the transistor, the current equivalent 
circuit shown in Fig. 25 will be used. The terms X,, R), 
etc., are in general different from r,, rr, etc.. for the 
physical equivalent circuit. For this circuit the mesh 
equations are: 

rn = i.{(R, + R) + i(—A,) 


(118) 
ro = i(R, + a'R) + if —R,—RD 


We may equate the terms of Eqs (117) and (118), giving 
(119) 
(120) 
(121) 
(122) 


ro t+ te t+ Geta = R, + R, 
—Te — Gecldle R 

ry + af. Ry + a'R 

rs r Ry R 


Solving Eq (120) into Eq (119), 
R, =r. 

From Eq (120), 
Ry = re + Gel 

From Eqs (122) and (124), 
R r(l 


get TAI a) (123) 


Gee?) 
Subtracting Eq (121) from Eq (122), 


a= Gel « 
l — gate 


These expressions may be simplified. From Eqs | 
and (115) we have 


- Lis* 
WwW 


Substituting from Eq (75), 


Gale = 50, BR) (128) 


For the region of our interest, y* = a* l. so that a 


=< §*. Substituting: 


= > g/2 2 
Geel e Xi —a) = (129) 


Using this equation and the fact that g,.r, << 1, we get 
the simplifications: 
(130) 


(131) 


R, & (132) 
R, = (133) 


With the substitution of a voltage generator in the 
collector arm, we obtain the common-base voltage equiva- 
lent circuit shown in Fig. 26. The arrow on the voltage 
generator indicates a voltage rise from minus to plus. 
Either the current- or voltage-equivalent circuit may be 
used, depending on the relative convenience in the par- 
ticular circuit. 

@ Common-Emitter Equivalent Circuit. lf the emitter 
and base of the common-base circuit are interchanged. 
we have the common-emitter circuit. The collector-current 
generator is then written in terms of i, instead of i,. The 
current and voltage equivalent circuits are shown in Fig 
27. In these equivalent circuits the current-arrow direc- 
tions are arbitrary. If the input current is reversed, how- 
ever, the current generator or voltage generator must 
also be reversed. 

@ Common-Collector Equivalent Circuit. By inter- 
changing the emitter and collector leads of the common- 
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Fig. 26 — Voltage-equivalent circuit for a common base con- 


nection. 


Fig. 27 — Current- and voltage-equivalent circuits for a commen. 


emitter connection. 


Fig. 28 — Current- and voltage-equivalent circuits for a common- 
collector connection. 


emitter circuit, we obtain the common-collector equiva- 
lent circuit. The circuit values remain the same, since the 
input remains the base. The current- and voltage-equiva- 
lent circuits are shown in Fig. 28. 

@ High-Frequency Equivalent Circuit. The previously 
developed circuits will be valid at high frequency if a 


is replaced _by @, if 8 is replaced by f, and if R, is re- 


placed by Z ‘ 


where 


+ R, 


2. RE (134) 


where C, is the collector junction capacitance. There is 
also an emitter junction capacitance, but it is usually 
neglected since it shunts R,, which is quite small. C, is 
also a small-signal parameter and will vary with operat- 
ing point. The variation of C, with collector voltage is 
similar to that in a diode and is approximately described 
by Eq (50). C 
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DerertoraTion arrects all categories of materials; it 
is a particularly critical problem in those materials 
whose primary purpose is to provide a protective fun 
tion in a given equipment. Typical of such functions 
ire electrical insulation. radiation shielding, corrosion 
resistance and thermal insulation. In the case of 
electrical insulation, the subject of this article, it is 
»bvious that a material. even with outstanding diele« 
trie properties, would be unable to fulfill its primary 
duty of withstanding electrical stress once its physical 
integrity is degraded or destroyed. An understanding 
of the mechanism of deterioration of materials be- 
comes a matter of practical utility to the design 
engineer. In the context of present-day sophisticated 
design requirements, such an understanding becomes 
in fact a necessity; we can no longer depend on rules 
of-thumb 

In this article, Dr. T. W. Dakin discusses the nature 
of thermally accelerated deterioration of electrical 
insulation (and other organic materials, such as 
structural plastics) specifically from the viewpoint of 
working design-engineering parameters. The deteriora- 
tion processes in themselves are shown to be allied 
to the internal chemical reactions as well as to reac- 
tions with normal environmental atmospheres. Specific 
and interrelated manifestations of deterioration (such 
as an increased penetration of moisture) are applied 
to the internal chemical reaction process. The connec- 
tion between deterioration mechanisms and equipment 
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and systems reliability is traced. Inadequate designs 
can be avoided; improved and more efficient design 
can be achieved through better use of materials. 

The treatment of electrical insulation deterioration 
as a chemical rate phenomenon is, in itself, not a 
brand-new concept. The theory was discussed by the 
author in an AIEE paper as far back as 1948. But 
the significance of the theory and of its application 
have deepened with time. For many years, it has been 
customary for engineers to consider that, under ther- 
mal aging. the life of electrical insulation would be 
cut by 50 per cent for every 10 deg C rise in tempera- 
ture (the well-known 10-deg rule). Roughly, this rule 
holds for the lower temperature classes of insulation. 
but it has been found inadequate in characterizing 
the aging behavior of the new and higher-temperature 
materials that are coming into application. Even with 
the lower-temperature materials, the 10-deg rule 
showed a number of inconsistencies. 

As will be explained in this article, the classical] 
Arrhenius reaction-rate theory has been adapted to 
show that the life of electrical insulation is an expo- 
nential function of the reciprocal of absolute tempera- 
ture. One or several definite activation energies for 
each material are involved. Suitable mathematical 
relationships are developed for engineering use. 
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Electrical Insulation Deterioration 


e characteristics and mechanisms 
¢ effects on equipment and systems design 


THOMAS W. DAKIN 

WESTINGHOUSE ELECTRIC CORPORATION 
Research Laboratories 

Pittsburgh, Pennsylvania 


DETERIORATION of electrical insulation and other organic 
materials in service is of vital economic and engineering 
concern. With an accurate knowledge of the expected 
service life of materials, including a temperature coefficient 
of this life, the engineer is enabled to design equipment 
that will perform reliably. He can avoid both inadequate 
and over-conservative designs. Embarrassing early failure 
and costly replacements caused by use of materials at 
excessively high temperatures can be prevented. On the 
other hand, new materials capable of higher operating 
temperatures can be properly applied to develop designs 
of improved performance characteristics, increased safety 
and lower costs. 

The forms of deterioration in service include (1) 
weathering (ultraviolet light and moisture), (2) high 
energy radiation (nuclear and X-ray sources), (3) special 
environmental chemical attack, (4) the effects of electrical 
discharges, and (5) thermally accelerated deterioration 
due to internal chemical reactions and reactions with 
normal environmental atmospheres. Only the last will be 
covered in this article. This subject alone, however, has 
been the object of many hundreds of scientific and tech 
nical papers as well as some industry (AIEE) standards 
(J-3, 15)* It would seem worthwhile at this time to survey 
and restudy some of the principles and premises on which 
this body of work is based. 


* Italic numerals in parentheses refer 


An author or co-author of numerous papers in the 
field of electrical insulation, dielectrics and electro- 
lytes, Dr. Thomas Wendell Dakin holds an A.B. from 
the University of Minnesota, an M.S. from Michigan 
State University, and a Ph.D. (Physical Chemistry) 
from Harvard University. He joined the staff of West 
inghouse Research Laboratories in 1941, and became 
Section Manager, Physics of Insulation, in 1950. He is 
a member of the American Chemical Society, The 
Electrochemical Society, the AIEE and the Physical 
Society, and is active on many committees. He is a 
past Secretary and Chairman of the National Academy 
of Sciences-National Research Council Conference on 
Electrical Insulation. Dr. Dakin has also served as a 
United States representative to the International Ele« 
trotechnical Commission. 


The organic materialst with which we are concerned 
are those used for structural and mechanical applications 
as well as for electrical insulation. They comprise plastics 
(polymeric materials) and liquids. An extensive treatment 
of all the detailed chemical reactions which can occur 
in these materials during deterioration is beyond the scope 
of this discussion. The more usual and important reactions 
are those which involve oxidation, hydrolysis, further 
polymerization, or (conversely) polymer chain cleavage 
and depolymerization. Sometimes oxidation contributes 
both to polymerization and to depolymerization. Polymeri- 
zation is meant here to include all reactions joining mole- 
cules together to make large molecules. Plastics are al 
ready large molecules, but are usually subject to further 
cross-linking by chemical bonds. Cross-linkage increases 
the material density and leads to shrinkage and increased 
stiffness. Polymer chain cleavage, which weakens the mate 
rial, can be caused by reaction with oxygen, water (hydrol 
ysis) or other internal reactions. Lower-molecular weight 
fragments are produced are subject to evaporation 

The processes involved in the thermal deterioration of 
organic materials are often so complex as seemingly to 
defy any simple analysis. However, it has been found that 
among the several chemical reactions or physical processes 
that may be going on simultaneously, there is often only 
one rate-determining process among those leading to the 
degradation and failure of the material in service 

In the case of reactions in series or sequence it is easy 


These 


to see why one of several reactions might be the rate 
determining one 


Initial Material Product A 


Product B Product ¢ 


If, for example, reactions A and C are both appreciably 
more rapid than reaction B, their rates are unimportant 
only the rate of reaction B will determine how rapidly the 
nitial material changes to Product C. Reaction B serves 
is the bottleneck, the narrowed stretch of the highway 

If, alternatively, different deteriorating reactions occur 
simultaneously in parallel, one may still be much more 
important than the others 


(—_ = Product A 


Initial Material 4 csction B 
j———» Product B 


If, for example, reaction A leads only to evaporation of 
low-molecular-weight fragments and reaction B leads to 
increased density, non-uniform shrinkage and cracking 
of the material, reaction B might be more critical in caus 


t See “References in Etectao-Tecuno.tocy™ at end of this article for related 


published in this magazine 
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ing failure in service if the rates of A and B are com- 
parable. Or if either reaction A or B is much more rapid 
than the other, it will lead to failure 

The predominance in importance of one particular re 
action process in affecting the critical property thus can 
be expected in many cases. However, some deviations 
from this simple condition as the temperature is changed 
should also be expected. Furthermore, one reaction may 
predominate at a lower temperature, and a different re- 
action at a higher temperature 

The thermal deterioration of organic resinous materials 
is manifested in one or more of these major effects, among 
others 


1. loss in weight (and thickness) 
more commonly, an increase in elastic modulus toward 

stiffness or brittleness and, less commonly, a decrease in elastic 
modulus 

4. increase in density accompanied by non-uniform shrink 
ige and resulting in cracks penetrating from the surface 

4. decrease in tensile strength and flexibility (elongation 
permitted before rupture) 

5S. decreased resistance to moisture penctration due to the 
increase in the hydrophilic nature of the exposed surface and 
the development of cracks and pores 

6. reduction in electric strength, usually due to cracking 
thickness reduction or moisture penetration 


a serious decrease in insulation resistance 


Often several or all of these effects are interrelated 
results of a single internal chemical reaction process 
Sometimes several chemical reactions are proceeding si 
multaneously to produce the effects observed 

The observed and often measured change at any time 
in one of the above properties is necessarily related to the 
umount of internal chemical reaction which has occurred 
Although this relation may be a rather complicated one 
and may not even have been determined, it is clear that 
there is a correlation between (1) any measured value of 
one of the physical properties which are changing during 
aging and (2) a quantity of chemical change. This simple 
assumption is the basis for treating the temperature de 
pendence of physical-property deterioration rates in the 
same manner as the temperature dependence of chemical 
reaction rates 

This relation of physical property changes with aging 
to internal chemical changes can be expressed by saying 
that the physical property values, P, are a function of the 
concentration, C, of some critical chemical grouping or 
constituent of the organic material 


P (f.) (1) 


Ihen, without specifying the nature of the deteriorating 
reaction which changes C (and P), it can also be said that 
there exists another correlation (functional relation) be 
tween the value of C (and P) and the time. Such a relation 
is graphed in Fig. | for the change in physical property P 
with time: P could be, for example, electric strength 
weight, or clongation. This relation is expressed mathe 


natically as 


hCP) hif(e) i(C) At (2) 


vhere AK is a rate-of-reaction factor which is dependent 


on the nature of the reaction and the temperature, and 1 is 
the time 

The nature of the reaction determines the type of func 
tional relation between chemical concentration and time 
Also, the relation between the critical chemical concen 
tration and the physical property, P, which is deteriorating 
enters into the relation between P and time. It has some 
times been mistakenly assumed that the values of P and ¢ 
must follow a first-order reaction dependence. In_ this 
special case, the logarithm of P or C changes linearly with 
iging time, Some cases of the type have been noted: fo: 
example, the deterioration of the strength of cellulose 
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paper. A wide variety of other mathematical relations be- 
tween the physica! property and aging time have also been 
noted. Gilliam, Boldebuck and Elliott (4) found that the 
weight and electric strength of some wire enamels declined 
linearly as the square root of the aging time. The reaction- 
rate theory applies more neatly if the time is expressed 
linearly as in Eq (2), but in practice, however, it is not 
absolutely necessary to do this. It should be clearly under- 
stood that the validity of the use of the chemical reaction- 
rate theory to express the temperature dependence of ma- 
terial deterioration is not restricted to cases which follow 
a simple first-order reaction mechanism. 

The time, tf, to reach any level of deterioration and value 
of P is inversely proportional to K and proportional to 

(P). [As ¢ increases, P would usually decrease.] 

If a particular low value of the physical property (as, 
for example, P,, electric strength) is chosen arbitrarily as 
a failure criterion (end point), the time, t,, to reach this 
end point is given simply by the equation 


_f(P) 
Ae 


This is the same as Eq (2), except that arbitrarily selected 
(failure criterion) values of P, and f, are inserted, as il- 
lustrated by Fig. 1. 

The selection of a failure criterion is one of the most 
hotly debated questions in this field. It is obvious that the 
value of failure criterion selected will also affect the ap- 
parent life value. There is no clear course in this selection 
other than the recommendation that the value of failure 
criterion selected be correlated with service requirements. 
(5) The problem is compounded by the fact that the neces- 
sary arbitrary conditions of aging tests do not exactly cor- 
respond to service, which are seldom, if ever, exactly 
known. Thus it seems desirable to set the failure criterion 
conservatively at a somewhat higher level than that thought 
to be needed in service. It is also important (in relation 
to equipment life) to select and measure that particular 
property of the material or the particular material com- 
ponent which, if it declines abnormally, will be most likely 
to result in equipment failure. 

The relation between service functioning of equipment 
and its organic component material integrity has not al- 
ways been clearly demonstrated. There have been cases 
where there has been only a slight relation found. It is 
clearly evident that, in such cases, one should not judge 
the equipment life falsely on the basis of an artificial 
criterion of the life of organic materials in the equipment. 

Mathes (5) and other authors have emphasized the 
interaction of materials used in combination in equipment 


t, (3) 





Fig. fl 


ous temperatures I 


Deterioration of a phy sical property with time at vari 





design. Materials in combination, as in actual equipment, 
may have quite different aging rates than the materials 


alone; therefore, the materials should be tested in combi- 
nation if they are used in combination 


Temperature Dependerce of Reaction Rates and Material Deterioration 


The rate at which molecular and atomic processes occur 
usually increases rapidly with increasing temperature. The 
explanation for this temperature dependence is found in 
the theory of chemical reaction rates beginning with Ar- 
rhenius and broadly extended by Eyring and others. (6, 7) 
A very simple outline of this concept will be presented 
here and then applied to the behavior of material deteriora- 
tion. Particular attention will be given in the later discus 
sion to the various deviations from the very simplest be 
havior which can sometimes be expected in the tests of 
material aging and life. 

It is postulated in the theory of reaction rates that there 
is a barrier of energy which any relatively stable molecules 
must surmount before they can react (see Fig. 2). Such 
barriers, in effect, keep most atoms in place in stable com- 
bination in materials and prevent immediate reactions to 
the lowest energy states. As a result of the thermal agita- 
tion and the distribution of energies among all molecules 


i? a chemi al reaction 














Fig. 3—Hydrolysis of polyethylene terephthalate 10-mil film 
(Data of McMahon et al.) 
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of any one type, a certain small calculable fraction will 
have sufficient energy to surmount this barrier. There exists, 
in effect, an equilibrium between the average molecules 
and the exceptionally excited molecules with energies 
greater than the energy of the barrier. The height of this 
barrier is known as the activation energy. Those molecules 
which have sufficient energy will react if they undergo 
suitable collisions with the other types of molecules enter 
ing into the reaction 

Figure 2 also shows the level of energy of the resulting 
products of the reaction. The difference between the level 
and that of the reacting molecules is the net heat change 
in the reaction. This is the heat put into the system or 
taken out of it to make the reaction continue. The case of a 
system evolving heat on reaction is illustrated, but heat 
might need to be introduced for another type of reaction 
In the latter case, the level of energy of the products would 
be above that of the reacting molecules 

It has been derived from thermodynamics and statistical 
mechanics that the fraction, nN, of molecules with energy 
greater than the activation energy, A/ is given by the 
equation 


f ar’ 
N 


where R is the Boltzmann gas constant, 1.98 calories 


mole/ deg C, and T is in degrees Kelvin, absolute tempera 
ture (deg (¢ 273). Thus, the rate of reaction is propor 


tional to this factor and another factor A, which is a 


f 


Fig. 4—Vapor pressure of chlorinated diphenyls 
the Monsanto Chemical Co.) 


(Data of 
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measure of the frequency of suitable collisions: 
K Ae abtikt (5) 


where K is a reaction-rate factor independent of the con 
centration of reacting molecules. A graph of the reaction- 
rate factor for the hydrolysis (reaction of the ester groups 
linking the polymer chain with water) of polyethylene 
terephthalate film is shown in Fig. 3. (8) In this case the 
familiar transformation of the exponential equation above 
to the logarithmic form has been made 


\/ . 
h 


low. A log, A (6) 


] 


In this form, log K graphs as a straight line when plotted 
igainst 1/7. The slope of this line on such a graph is 

SE*R or AE*/2.3R if logarithms to the base 10 are 
used. This term has sometimes been combined into one 
factor, B 

The life of the polyethylene terephthalate film as ex- 
tended to a serious degree ot degradation under these 
hydrolitic conditions is also shown in Fig. 3. The life is 
inversely proportional to the rate factor K, as in Eq (3). 
Shown, too, is the effect of increasing concentrations of 
water (relative humidity) on decrease of life 

It is of interest to note that many types of molecular 
nd atomic processes follow a temperature dependence 
imilar to Eqs (5) and (6). The simplest of these is the 
vapor pressure of a liquid. In this case, the activation 
energy is equivalent to the heat of vaporization. An ex- 
This is a strictly physical 
contribute to the deterioration of 


properties or be a step in sequence following a chemical 


imple of this is shown in Fig. 4 
process, which may 
reaction to produce a molecular fragment with an appre 
ciable vapor pressure. The rate of evaporation would vary 
as the vapor pressure and concentration of vaporizing mole- 
cules at the surface of a material. Loss of plasticizer in 
1 plastics insulation is an example where this process is 
of critical plasti 
cizers have more 


importance. Higher-molecular-weight 


lower vapor pressures and are lost 


slowly 


Life Tests of Materials and 


As can be seen by Eq (4), the time, / to reach any 
particular level of deterioration, P,, is inversely propor 
tional to the rate factor, K, at which the deterioration 
process is progressing. The time, ¢,, to reach a critical low 
level of the physical property at which functional failure 
might occur has become known as the “life.” L, of the 
material. A combination of Eqs (3) and (6) leads to the 
familiar equation 


\k* 


log 7 nr * constant (7) 


The use of this relation between insulation material life 
and temperature has become widespread. It is the basis 
for the extrapolation of the results of short-time life tests 
made at higher temperatures to predicting life at lower tem- 
peratures. It will be noted in Fig. 3 that the line of insula 
tion life of the polyethylene terephthalate extended to a 
serious degree of hydrolysis has a slope exactly the inverse 
of the rate of hydrolysis. This figure illustrates the corre 
spondence between Eqs (7) and (6) 

An example of the dependence of the electric-strength 
ife of enameled wires covered with a silicone varnish is 
illustrated in Fig. 6. This particular form of life test has 
become an A!IEE procedure (No. 57). Probably more 
data have been accumulated with this test than any other 
The life lines of Fig. 6 illustrate a trend of increasing 
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Fig. 5—Gas 


{inerongen 


permeability of Neoprene G Data of 


Internal diffusion is another process which follows a 
temperature dependence as in Eqs (5) and (6). This is 
illustrated in Fig. 5 for the permeability of gases through 
Neoprene rubber. (9) (Permeability constant diffusion 
constant solubility). Often this process has a lower 
activation energy and higher rate than the more common 
chemical reactions which deteriorate organic materials; 
thus, it would not be the controlling rate step, although 
it could be a necessary step in the sequence of reactions 
contributing to the deterioration. The diffusion rate is of 
course slower with larger molecules and it is possible that 
it may be a critical factor in some systems. 


Systems 


+ bee sed 


+> 





Fig. 6—Dielectric life data, silicone varnished enameled wire. 
(Data of Sattler.) 

















Weight loss of cellulose aged in oxygen 150 mm He 


Fig. 7 
pressure). (Data of Saito and Hino.) 


—~ > 
Fig. 8—Effect of changing nature of rea 


tion on temperature dependence of life 
/ 


slopes and activation energies for the more stable enamels 
This is to be expected, as can be seen from an examination 
of Eq (7), which shows that, for comparable values of the 
“constant,” life increases with AE*. The “constant” term 
might be expected to vary more slowly with material for 
the same type of test and system, particularly since it is 
logarithmic term 

In the early studies of insulating materials and their 
temperature limitations, it was sometimes stated that mate 
rials such as cellulose were characterized by a limiting 
temperature above which they began to degrade slowly 
and below which they showed no degradation. We now 
know that this is not true and that this impression was 
merely a result of the steep temperature dependence of 
the rate of degradation. It is now evident that the same 
reactions are occurring very slowly at low temperatures as 
occur at a more rapid and more easily measured rate at 
higher temperatures. This has been demonstrated recently 
by Saito and Hino with cellulose. (/0) Figure shows 
their measurements of the weight loss of this material 
measured by a very sensitive mass spectrometer gas 
analysis method at low temperatures and by direct weigh 
ing at higher temperatures. These data indicate that essen 
tially the same degradation is occurring at 70 C in air as 
at 170 C. The small shift in level of the curves is due to 
the fact that part of the oxygen in the gaseous products 
comes from the cellulose itself, whereas the weight loss 
from the mass spectrometer measurements was calculated 
on the basis that all of the oxygen combined in the gaseous 
products (CO.,, CO and H,O) was from the atmosphere 

At an early stage of the application of the Arrhenius 
equation to the deterioration of electrical insulation it was 
pointed out (2) that the predominant chemical reaction 
causing insulation failure could shift at some temperature 
to another type with a different activation energy. Such an 
effect is illustrated in Fig. 8. It is more logical to expect 
that the reaction with the higher activation energy (steeper! 
slope) would predominate at the higher temperatures. This 
has usually been the case when this behavior is noted. This 
shift in the slope of the log life vs 1/T graph does not in 
dicate that the reaction rate theory is invalid, but it is 
modification of the applied theory which may be expected 
in some cases. It is of course hoped that it will not occur 
in the material one is testing or that, if it does occur, that 
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sufficient tests can be obtained on the lower-temperature 


portion to permit a reasonable extrapolation of that line. 


The data at temperatures above the intersection of the lines 
should be disregarded, unless one is particularly interested 
in life at these high temperatures. It is certainly significant 
that so much accumulated life-temperature data do not 
show this annoying shift in reaction type 

It is usually true that in a given material, changes in 
several physical characteristics will be interrelated. (//) 
Electric strength of solid varnishes and films, in particular, 
usually declines because the material evaporates (loses 
weight) or cracks. An interesting correlation of the elec- 
tric strength of an aged film (Mylar) with the loss in flexi 
bility of this film is shown in Fig. 9. (/2) The flexibility 
failure was due to the film's inability to withstand a 180 
deg sharp bend without cracking. The equivalence of the 
ctivation energy (slope of the log life vs 1/7 graph) for 
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different types of life tests on the same material is strong 
circumstantial evidence that the different manifestations of 
deterioration are governed by the same chemical-physical 
process. A number of cases of this correlation have been 
noted such as the tensile strength and gas evolution of 


paper (/3), and the weight loss and electric strength of 
Alkanex polyester-type wire enamel. (4) Conversely, when 
the log life vs 1/T slopes are not the same, it is evident 
that processes with different temperature coefficients are 
controlling the respective properties. 


Temperature Acceleration and Environmental Acceleration 


in Material 


Most of the discussion in this paper has been concerned 
with the temperature-dependent reactions that have a de- 
teriorating effect on materials. The interrelation of such 
reactions with other effects introduced by the testing meth- 
ods in accelerated aging tests is so important a problem, 
however, that it deserves a separate discussion. The theory 
of reaction rates as applied to material life and tempera- 
ture has so far been based on the premise that the same 
failure criterion and end point is reached by the material 
at each temperature, If the testing procedure arbitrarily in- 
troduces different failure criteria or severity of test pro- 
cedure at the different temperatures of test, deviations 
from the linear log life vs 1/T behavior should be expected 
except in some special cases 

The effect of changing the failure criterion or the sever- 
ity of the test uniformly at all temperatures of test is il- 
lustrated by the parallel solid lines of Fig. 10. The effect 
is normally such as to shift the life lines uniformly down 
ward as the severity of the test is changed. This is the case 
if the same chemical reaction is predominating over the 
whole range of time covered by the changing severity of 
the test. The change in test severity, for example, could be 
an increasing force requiring greater tensile strength of the 
material; in this case, an earlier failure would occur, since 
less time would be needed to reach a lesser extent of de- 
gradation 

If a progressively greater severity of test conditions is 
applied to the material during lower-temperature tests, the 
effect will be to shift the end-point criterion; the result will 
be a reduced life at the lower temperatures. The log 
life vs 1/7 graph will then have a reduced slope, no longer 
1 measure of the activation energy for the controlling rate 
process. This effect is illustrated by the dashed line, D, in 
Fig. 10. In this illustration, the line is still straight but a 
curved line can also be expected. Dashed line E shows a 
deviation in the other direction due to an increase in 
severity of test conditions at temperatures above 200 C., 

It can be shown that, under special conditions such that 
the value of /,(P,) in Eq (3) increases in proportion to 
some power of f,, a straight-line graph of log life vs 1/T 
would still be obtained, but with a reduced slope. For ex- 
ample, if /,(P,) were proportional to the first power of 
t,, the slope of the log life vs 1/T graph would be one-half 
what it would be if f,(P,.) were constant, as in the more 
normal case. 

The increasing severity of test conditions can be intro- 
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duced, in some instances by temperature cycling. There is 
now ample evidence that increased temperature cycling 
and associated handling and humidification can sometimes 
reduce the effective life of insulation. The mechanism by 
which this takes place is not certain, but it is an increased 
severity of the test condition, which results in a reduced 
slope to the log L vs 1/T graph, or even a curvature. 

It can be argued that accelerating the cycling for the 
lower temperatures is a realistic approach to the problem of 
determining the real service life at operating temperatures. 
This is logical if all of the cycling conditions including 
humidity, etc., are to be encountered as frequently in serv- 
ice as would be implied by this acceleration of testing con- 
ditions. 

Such environmental or testing procedure variations at 
different temperatures may violate the premises behind the 
application of the Arrhenius equation to aging tests. It is 
in effect an introduction of a variable with temperature 
which has no reason to follow the Arrhenius equation. 
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Fig. 10—Effect of changing severity of life-test conditions 
on apparent temperature-dependence of life 


Extrapolation from Accelerated Aging Tests 


lo the person who objects to extrapolation as being pos- 
sibly inaccurate, the author would say he agrees, but he 
would at the same time ask: What else can we do? It is 
clearly a step backward to run a 5- or 10-year service trial 
before incorporating a new material in a given equipment 
it, with a fair degree of confidence, one can anticipate on 
the basis of less than a year’s test that the material would 
be satisfactory for 5 or 10 years or longer. Thus, if extra- 
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polation is to be done as a necessary and desirable ex- 
pedient, it is important to make the extrapolation on as 
sound and accurate a basis as possible. It is in support of 
this goal that this paper has been written. 

The first requirement in accelerated aging tests is the 
selection of the most logical and practically significant test- 
ing conditions, insofar as the specimen is concerned, and 
then the selection of a failure criterion. The end result of 
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the predicted life will generally correspond to these condi- 
tions and be only as significant 

Any manner of acceleration of aging can of course be 
selected to make an extrapolation; however, it is necessary 
first to establish a line or curve of the degree of accelera- 
tion as a function of the time. Acceleration of aging by 
raising the temperature has now become an accepted pro- 
cedure which is based on a proven theory. In the simplest 
case, this theory predicts, as pointed out in this and other 
papers, a linear relation between log life and 1/7. Thus, if 
the data, correctly obtained, graphs on a straight line ac- 
cording to this relation, all is well and there is probably 
the maxirium chance that the extrapolated predicted life 
will be accurate 

If the data do not fall on a straight line, this is unfor 
tunate but must also be accepted. One can still extrapolate 
although much less accurately, from a curve, or the lower 
temperature end of a bent line. It is best, however, to make 
additional tests at the lower temperatures or extend the 
testing temperature closer to the expected service tempera 
ture. This is suggested to reduce the uncertainty of the 
extrapolation 

In dealing with the accelerated-test results, the variability 
of the results should be considered when fitting any line 
to the data. ATEE publication No. IF has dealt with the 


statistical procedure for handling linear data, but use of 
this procedure is not advised in processing data which, 
after consideration of measurement errors and variability, 


is clearly nonlinear. 

Consideration should be given to using the lower con 
fidence limits of the extrapolated test results as a margin 
of safety in application, if the test procedure does not 
already have in it a margin as a consequence of the severity 
of the failure criterion 

The use of the results of accelerated aging tests in mak- 
ing absolute temperature and time ratings of materials 
and equipment is still in the process of being debated (/4) 
and studied by cognizant groups in engineering socicties 
(principally AIEE and ASTM) and manufacturers’ associ 
ations (principally NEMA) 


Conclusion 


This article has shown how reaction-rate theory explains 
and interprets the temperature dependence of the rate of 
material deterioration. It also shows how a number of 
deviations from the simpler behavior can be theoretically 
expected. Particular attention has been drawn to the effect 
of variations in testing conditions at different temperatures 


on the life temperature curve 
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A-C Drive Offers 
System Design Flexibility 


The ruggedness of the standard a-c induction motor has led to its 


wide use in drives, but it is limited by its inherent constant speed. 


For the frequently required stepless adjustable-speed drive, there are 


many mechanical and electrical systems used. The Westinghouse 


Rectiflow principle, described here, can provide an exceptional com- 


bination of characteristics and advantages for a wide variety of drive 


applications, since its basic simplicity permits ready tailoring to par- 


ticular application requirements. 


N. ONJANOW, Design Engineer 
Motor and Gearing Department 
Westincnouse Evecraic Corporation 
Buffalo, New York 


THE CONSTANT output speed of the squirrel-cage induc- 
tion motor can be changed using adjustable-speed pulleys 
or gear transmissions, but the speed control of these 
mechanisms is not as convenient or reliable as an elec- 
trical drive. There are many kinds of eddy-current 
clutches and similar electrically controlled slip devices, 
in all of which there is loss due to slip energy. With 
wound-roter induction motors operating at high slips 
with resistors in the rotor circuit, all of the slip energy 
is also converted into heat, 

The Ward Leonard system gives easily controlled, step- 
less speed regulation and relatively high efficiency, but 
it consists of three rotating units. In many cases the 
advantages cannot justify the initial cost and the main- 
tenance requirements. 

A simplified adjustable-speed drive requiring moder- 
ate maintenance, easily and steplessly controlled by elec- 
trical means, economical and highly efficient. was de- 
veloped to fill the gap between mechanical transmissions 
and electrical slip devices at one extreme and the Ward 
Leonard System at the other. This is the Westinghouse 
Rectiflow drive. 

Basic Elements of the Rectiflow Drive. The Recti- 
flow drive consists of a wound-rotor induction motor 


and a d-c motor, connected mechanically to the same 
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output shaft, and electrically through a semiconductor 
rectifier, Fig. 1. The rectifier uses the slip power from 
the rotor of the induction motor and supplies d-c power 
to the armature of the d-c motor. The d-c motor converts 
the slip power to mechanical energy output. Speed ad- 
justment is obtained by changing the field current of 
the separately excited d-c motor. The drive starts as a 
conventional wound-rotor induction motor by means of 
starting resistors in the rotor circuit; other starting 
schemes also can be used. 

The basic drive control consists of primary line con- 
tactors, starting resistors and contactors, high-efficiency 
silicon slip rectifiers, and the field supply circuit. 

When a wound-rotor motor operates with the secondary 


starting resistors 


ond contactors 


o———+ 


M 

M 

Field power 
supply 


Basic circuit of the Westinghouse Rectiflow drive. 


rheostat 


Fig. 1 
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Fig. 2— Continuous power output of Rectiflow drive as a fune- 
tion of speed. The curve represents the average for 15- to 75-hp 
drives. 


= > 
Fig. 3 — Size of the d-c motor of a Rectiflow drive as a function 
of speed range. 


circuit closed through variable resistors. it will run at 
a speed determined by the resistors and the load. Assum- 
ing the torque developed by the motor is constant, the 
speed will decrease as the secondary resistance increases. 
The power transmitted from the stator to the rotor (air 
gap power) will remain nearly constant, as will the 
secondary and primary currents. The output horsepower, 
however, will decrease in direct ratio with the speed of 
the motor. The difference between air gap power and 
the output of the motor is the loss in the secondary cir- 
cuit. A part of this lost energy represents the current 
losses in the rotor winding, the other the losses in the 
external resistance. The voltage on the slip rings of the 
induction motor will be equal to the no-load value at 
the particular speed, minus the voltage drop in the in- 
ternal impedances. 

In the Rectiflow drive, a combination of a rectifier 
and a d-c motor is used in place of the external resistors 
and converts a large part of the otherwise lost energy 
into mechanical power at the shaft of the d-c motor. The 
remainder of the energy is dissipated in the rectifier 
and d-c armature circuit. These losses will be constant 
and independent of the speed as long as the output torque 
of the induction motor and the current remain constant. 
The air gap power is also constant, therefore the output 
horsepower of the a-c/d-c system will be constant. The 
Rectiflow drive is essentially a constant-horsepower drive. 
When the d-c and secondary current remain constant, 
and the primary current remains essentially constant, 
the drive will have a constant horsepower output through- 
out the entire operating speed range. The Rectiflow drive, 
so far as its torque ability is concerned, is always a con- 
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stant horsepower drive. The thermal continuous rating 
of the drive depends, of course, upon the design and 
enclosure. With constant horsepower output, the current 
is nearly constant through the entire speed range, as are 
the losses. Rectiflow drives in force-ventilated enclosures 
with separate motor-driven blowers can furnish constant 
horsepower continuously at any speed. The drip-proof 
self-ventilated and fan-cooled units, having poorer cool- 
ing at low speed, should be derated for continuous opera 
tion at low speed. 

It should be remembered that, although the current 
at low speed and constant torque condition is only a 


portion of the current at high speed, the d-c armature 


is always in the Rectiflow drive circuit and must be 
capable of carrying full-load current at the high speed 
also. The design rating of the d-c portion of the drive 
must be much higher than might be indicated when con- 
sidering low-speed conditions. The drive, therefore, will 
have full constant-horsepower torque ability even at the 
low speed, and the continuous rating, in any enclosure, 
will usually be higher than the 
Comparison curves for the continuous output horsepower 


“constant torque line.” 


of the Rectiflow .drive at several speeds are shown in 
Fig. 2. 

The economical speed range of the Rectiflow drive is 
limited mainly by the size of the d-c motor. It has been 
shown that the unit is essentially a constant-horsepower 
drive, and even the constant torque application does not 
permit any considerable reduction of the size of the d-c 
motors; therefore, the constant-horsepower application 
will be considered. Neglecting the slight distortion caused 
by the losses, it can be said that a 100-hp Rectiflow drive 
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with a 2-to-l speed range should be designed so that the 
d-c portion would be capable of handling 50 hp at half 
the high speed. The d-c portion of a 100-hp, 3-to-1 speed- 
range Rectiflow drive would handle 66.6 hp at one third 
of the high speed; hence, it must be about double the 
size of the d-c motor in the first case. The d-c portion 
of a 100-hp, 4-to-1 speed range Rectiflow drive would 
handle 75 hp at one fourth of the high speed; hence, it 
must be about three times the size of the d-c motor in the 
first case. The size of the d-c motor as a function of the 
speed range is represented in Fig. 3. 

The Rectiflow drive can be competitive with other 
adjustable-speed drives up to about 3-to-l speed range. 
By changing the interphase connection of the induction 
motor, which is equivalent to a voltage change, the oper- 
ating speed range of the Rectiflow drive can be extended 
to about 6 to 1. 

Drive Operation. The slip-ring voltage of the indue- 
tion motor with the secondary circuit open can be rep- 
resented as a straight line in relation to speed. This volt- 
age is zero when the motor runs as synchronous speed 
and is a maximum when the motor is at standstill. When 
the d-c motor is excited, it develops an armature emf 
which is in proportion to the motor speed, excitation 
being constant. The emf can also be represented as a 
straight line in relation to speed. This voltage is a func- 
tion of the flux and, consequently, of the degree of 
excitation, 

The curve in Fig. 4 indicates the rectified a-~ 
circuit and d-« 


rotor 
armature voltages as functions of the 
drive speed for several values of d-c motor field strength. 
The point where the rectified a-c and the d-c emf lines 
meet represents the operating point at no-load condition. 
(The rectifier no-load voltage drop and the voltage drop 
on brushes were neglected in this representation. ) 

If the d-c motor field is weakened during operation, 
the generated back-emf decreases, allowing current to 
flow from the induction motor through the d-c armature. 
This produces torque in both a-c and d-c machines, and 
the drive accelerates to a higher speed. As the speed in- 
creases, the rotor slip voltage dec reases and the back-emf 
increases. Acceleration ceases when these voltages become 
equal. When the d-c field is open and the line starter 
is closed, the wound-rotor induction motor comes to full 
speed. If the d-c field is now strengthened to 50 per cent, 
the d-c voltage rises to the value marked D on the dia- 
gram. This voltage is higher than the secondary a-c 
wound 
rotor through the rectifier and through the d-c machine. 
No current will flow back from the d-c armature, through 
the rectifier and into the induction motor either, as the 


voltage, and no current will flow from the a-c 


rectifier is a unidirectional-current device. The circuit is 
open and the drive will “coast,” being slowed down by 
the no-load losses and external load, if any, until the 
point EF is reached, when the a-c secondary voltage is 
equal again to the d-c counter-emf. 

As with drives having a power rectifier, the drive will 
not regenerate, If the no-load coasting is undesirable, 
dynamic braking and slow-down methods may be applied. 

The Rectiflow drive operating with load follows essen- 
tially the same sequence as at no load. The rectified a-c 
secondary voltage must be, in this case, somewhat larger 
than the d-c back-emf. The difference between these 
voltages is such that the rectified rotor voltage is just 
sufficient to circulate the load current through the a-c 


DECEMBER 1960 


motor, the rectifier and the armature. This difference is 
equal to the total load voltage drop in the Rectiflow drive 
circuit. The emf-speed excitation line of the d-c motor 
lies somewhat below the no-load excitation line, for the 
same field strength, due to armature distortion. One load 
point A’ is shown in Fig. 4 for 100 per cent field excita- 
tion. As additional load is applied, the speed drops 
slightly, the a-c voltage increases, and the d-c counter- 
emf decreases, permitting more current to flow until the 
required torque is obtained. 

Design of Drive System. The size of the induction 
motor portion is primarily determined by the power 
rating of the drive. It must be noted that the efficiency 
and power factor are lower for a Rectiflow drive system 
than for a conventional induction motor of the same 
rating. This means that the induction-motor portion must 
have enough margin to carry higher current and to 
stand higher losses. In the case of a continuous “constant- 
hp” application and drip-proof self-ventilated or fan- 
cooled designs, the cooling ability of the wound-rotor 
motor at the low speed must be verified, and it will in- 
fluence the size of the motor. 

The size of the d-c motor portion is determined, in the 
case of “constant-hp” application, by the horsepower 
that the d-c motor must furnish at the base speed. In the 
case of the “tapered-hp” or “constant-torque” application, 
the size of the d-c motor is determined by the considera- 
tions that it must carry full-load current at the high 
speed, and it must generate enough voltage at the base 
speed. The only difference is that the maximum losses 
in the case of constant-horsepower application must be 
carried at the low speed, whereas, in a constant-torque 
application, they occur at the high speed. This results 
in smaller components for the constant-torque applica- 
tion than for the constant-hp application. 

The size of the slip rectifier is determined by the 
amount of the slip power which must be rectified. In the 
case of a constant-torque application, this amount is 
equal to the product of high-speed current and low-speed 
voltage. As the silicon rectifiers are very sensitive to 
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Fig. 4— Speed and voltage relationships for a Rectiflow drive 
with a 2:1 speed range. 





Adjustable 


transformer 


Fig. 5—Rectiflow drive with adjustable transformer in sec- 
ondary circuit for complete acceleration control. 


Fig. 6 — Motor field circuit for suppressing residual magnetiza- 
tion. 


voltage surges, they must have enough margin for the 
highest possible voltage surge which may occur at any 
condition. This is determined mainly by the secondary 
open-circuit voltage of the induction motor: therefore, 
the secondary open-circuit voltage is the important factor 
for the rectifier choice. 

An important consideration in the induction-motor 
design is the “pull-out torque.” A conventional wound- 
rotor induction motor usually has 250 to 300 per cent 
pull-out torque. The induction motor designed for a Rec- 
tiflow 
torque than is usual in the standard wound-rotor motor 


drive system must have much higher pull-out 
design. The choice of pull-out torque in the conventional 
induction motor design is influenced mainly by maxi- 
mum performance factors such as efficiency and power 
factor, but for a motor in a Rectiflow drive system, other 
factors must also be considered. A very important design 
value is the “maximum horsepower” which can be de- 
veloped by a system. Many other design characteristics, 
such as regulation and losses, are related to it. In the case 
of a wound-rotor motor, the maximum horsepower de- 
pends upon the resistances and reactances of the motor. 
Similarly, the pull-out torque is mainly a function of 
primary resistance and total leakage reactance of the 
motor. When applying a motor in the Rectiflow drive 
system, additional impedances are introduced into the 
motor circuit (rectifier impedance and the resistance of 
the d-c armature circuit) and, as a result, maximum 
horsepower of the motor is less. In addition, the mag- 
netizing reactance and the leakage reactance influence 
the performance in a different way than in a conventional 
induction motor. The Rectiflow drive system is very sen- 
sitive to leakage reactance before the slip rectifier, as 
the “power factor of the rotor load” depends upon it. 
The best value for pull-out torque depends upon the 
size of the drive and upon speed range. A general rule 
cannot be determined, but high values of pull-out torque 
such as 400 to 450 per cent are not unusual in Rectiflow 
drive design. 
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Rectiflow Drive Starting. There is no such thing as 
a “starting characteristic of the Rectiflow drive” as can 
be defined, for instance, for the squirrel-cage induction 
motor. The starting torque of the Rectiflow drive and 
the number of steps and the starting control are usually 
tailored to the application requirements. As most Rec- 
tiflow drives start with full field on the d-c motor, they 
use secondary resistance starting methods up to the base 
speed only. From the base speed up, they use field con- 
trol by a manual or motor-operated rheostat. Some Rec- 
tiflow drives go to the preset speed setting, controlling 
the d-c field as a function of the armature current. This 
is easily achieved by a current relay in the armature 
circuit, which puts the Rectiflow drive on full field when 
the armature current exceeds the set value. 

In spite of the advantages of the secondary-resistor 
starting scheme, the Rectiflow drive does not have, in 
herently, a complete control from zero up to the base 
speed as does, for example, the Ward Leonard system. 
In cases where the user must be in complete control of 
the acceleration, an adjustable transformer is introduced 
into the secondary drive circuit between the slip rings 
and the slip rectifier, as shown in Fig. 5. This permits 
changing the secondary output voltage of the induction 
motor from zero up to the rated value. Moving the trans- 
former brush increases the output voltage, and the drive 
accelerates and runs at a certain speed. The speed of 
the drive follows the movement of the brush precisely 
as the brush is moved. When the brush is at full-voltage 
position, the drive runs at the base speed and the trans 
former can be shorted out and the rheostat for the d- 
field will take over. 

High-Speed Operation. The voltage induced in the 
d-c armature at the high speed must be equal to zero 
( Fig. b). The opening of the d Cc held, however, will not 
quite produce this effect, as any d-c machine has a cer- 


Fig. 7 — Performance curves for Rectiflow drive, 300 hp, 1.5:1 


speed range. 
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Fig. 8— Creep speed system for Rectiflow drive. 


tain amount of residual magnetism which produces a 
back-emf in the armature. Due to this residual magnetism. 
most of the Rectiflow drives with the d-c field open would 
run at a somewhat lower speed than synchronous, even 
at the no-load condition. To obtain the high speed as 
close as possible to the synchronous speed, a provision 
for the neutralization of the residual must be taken. Most 
Rectiflow drives have field arrangements, as shown in 
Fig. 6. The killing of the residual magnetism is accom- 
plished by reversing the d-c field and applying.a slight 
negative voltage to it, using a potentiometer with a 
reversed portion, 

To improve regulation at high speed, many Rectiflow 
drives are set in such a manner that the negative am- 
pere-turns of the d-c motor at high speed are greater 
than are necessary to eliminate the residual magnetism. 
They also provide a small value of negative flux which 
creates a negative emf in the d-c armature. This emf does 
not buck the rectified secondary voltage of the induction 
motor, but boosts it. This helps the current to flow through 
the Rectiflow drive circuit, thereby compensating for 
part of the voltage drops. The regulation of the Rectiflow 
drive becomes smaller, and the full-load speed goes higher. 

Additional compounding of d-c motors can also be 
used. For this, the field of the d-c motor is energized 
according to the load signal taken from the primary side 
of the induction motor, through a current transformer 
and a rectifier. This allows adaptation of the speed-load 
regulation of the drive to the user’s requirements. There 
are as many (or even more) possibilities of controlling 
the d-c field of the Rectiflow drive as there are in the 
case of the conventional d-c motor. This gives the oppor- 
tunity of shaping the performance of the drive according 
to the need. 

Performance of the Drive. The Rectiflow drive. 
working on the principle of the utilization of rotor slip 
power, has overall high efficiency throughout its wide 
load and speed range. Typical efficiency curves are shown 
in Fig. 7. As the rectifier and the d-c motor introduce 
additional losses into the rotor circuit, it is natural that 
the efficiency of the Rectiflow drive must be somewhat 
lower than the efficiency of a wound-rotor motor of cor- 
responding size, when operating at high speed. The drive 
has, generally, higher efficiency than the equivalent Ward 


Leonard system as the latter consists of three rotating 


units, each of which is designed to transmit the full out- 
put power of the system. 
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Fig. 9 — Using creep speed system, typical speedtorque curves 
for Rectiflow drive, 50 np, 1690 /563 rpm. 


The shape of the speed-load curves of the Rectiflow 
drive is similar to the shape of the regulation curves for 
a shunt-wound d-c motor. The Rectiflow drive has more 
droop in speed with the load than a straight wound- 
rotor motor when operating at high speed, as the rec- 
tifier and d-c portion introduce additional losses into the 
rotor circuit. The regulation of the Rectiflow drive in- 
creases with the speed range, as the d-c and rectifier 
losses will also increase. The regulation is generally 
smaller at high speed than at low speed. This is primarily 
caused by a compensating effect of the negative field. 
On the basis of constant torque, the regulation at low 
speed is always less than the regulation at high speed. 

In the event the user is satisfied with the normal speed 
range of the Rectiflow drive, but also requires low speed 
(which is usually only a small portion of the operating 
speed of the drives). the “creep-speed” scheme can he 
applied, Fig. 8. The line contactor is open and low a-c 
voltage is introduced into the secondary circuit of 
the drive. This voltage is obtained by a conventional 
three-phase transformer. The d-c portion of the drive 
operates as a standard d-c motor, supplied from an a-c 
source through the slip rectifier. As the creep speed of 
the drive is usually low, the power developed by the d-c 
motor is only a small portion of the rated power of the 
drive. The power-supply transformer is therefore rela- 
tively small and inexpensive. The torque, which can be 
obtained from the d-c portion of a 2-to-l speed range 
Rectiflow drive, is about 100 per cent of the rated high- 
speed torque. For a 3-to-l speed range Rectiflow drive 
this torque amounts to about 200 per cent of the rated 
high-speed torque. When the Rectiflow drive is force- 
ventilated, this torque can be furnished continuously. 
Typical speed-torque regulation curves obtained with this 
scheme, on a 3-to-l speed range Rectiflow drive, are 
shown in Fig. 9. 

System of Several Drives. When several Rectiflow 
drives operate as one system, the desired speed relation- 
ship between the units can be obtained by commanding 
the field rheostats from one control shaft. If the speed 
adjustments must be made individually, additional ver- 
nier rheostats can be used. These schemes and their per- 
formances are very similar to the schemes used for con- 
ventional field-controlled d-c motors. 

When the system consists of a larger “master” drive 
when the speed- 


and smaller auxiliary drives, and 
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Fig. 10— System employing Rectiflow master drive and a 
wound-rotor induction motor which follows the speed of the 


main drive. 


11 Dynamic braking system for Rectiflow 


matching requirements are not very important, the simpli- 


fied scheme of Fig. 10 can be used. The “master” drive 
is a standard Rectiflow drive. The auxiliary 
conventional 


drives are 
with their 
secondary sides connected to the d-c circuit of the master 
drive through the small slip rectifiers. When the open- 
circuit secondary volts are properly chosen on all of the 
units, the auxiliary motors will follow the speed of the 
main drive. They can also be designed to run through 


wound-rotor induction motors 


a smaller or larger speed range than the master drive 


Fig 


> 


drive 





Dynamic Braking. The Rectiflow drive does not 
regenerate and it does not have, inherently, any braking 
action, except the over-synchronous braking typical of 
induction motors. If the no-load coasting caused by the 
inertia of the system is undesirable and the drive must 
be brought quickly to a stop, a dynamic braking scheme 
is usually applied, Fig. 11. The d-c motor is fully excited 
and the d-« 
nami 


armature circuit is connected through a dy 
The d- 


generator across the resistor, produces the braking torque, 


braking resistor motor, functioning as a 


12 — Speedtorque curves of Rectiflow drive during dy- 


namic braking. 
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Rapid deceleration system for Rectiflow drive. 
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Fig. 15 — Torque limiting and constant-torque acceleration sys- 
tem for Rectiflow drive. »>- 


rheostot 


as illustrated in Fig. This system is usually applied 
in combination with an over-voltage protective system 
which improves the braking torque speed function. 

The Rectiflow drive, when loaded, slows down as soon 
as the rheostat is moved from the higher to the lower 
speed position. In those cases where the inertia of the 
system is very high and the Rectiflow drive is lightly 
loaded, the drive will not respond immediately after the 
rheostat is moved from the higher-speed to lower-speed 
position. If faster deceleration is desired, the system illus- 
trated in Fig. 13 is usually applied. This is a modification 
of the dynamic braking scheme in which the dynamic 
braking contactor is commanded by a signal derived from 
the difference in voltage between the emf created in the 
d-c armature and the rectified secondary a-c voltage. 
When the rheostat is moved to a lower-speed setting, the 
emf induced in the d-c armature increases to a value 
greater than rectified secondary a-c voltage and the cur- 
rent flow in the Rectiflow drive circuit is interrupted. 
The QS relay is set to pick up when the voltage difference 
between the d-c emf and the rectified a-c voltage exceeds 
As soon as QS picks up, the DB 
relay coil is de-energized, which in turn connects the DB 
braking 


As the drive slows down, the d-c 


a certain positive value, 


resistor across the armature, and the action 
follows immediately. 
armature voltage decreases and the rectified a-c voltage 
increases unti) the drive reaches the new operating speed, 
at which point the difference between these two voltages 
The QS relay drops out at 
the dynamic 


braking circuit is interrupted and the drive stabilizes at 


is zero or slightly negative. 
this condition, the DB coil is energized, 
the new set speed. 

To reverse the Rectiflow drive, the rotating field in 
the induction motor must be reversed and the polarity 


DECEMBER 1960 


Line storter 
M 


Tach. AT, set for 
OO per cent torque 


r 


Pickup level of 7Z 
LS | Toch. AT, set for a 
| 200 oS cent mT (|Current AT 
SO Ti for 200 per cent 
an torque 
<Es 


ox nas ae 


for 100 per cent 
=—TAT on coil ~< 


coused by % 


Ampere turns 


torque 


for 200 per cent ah 


a 


of the d-c armature with respect to the rectified a-c volt- 
age should be properly maintained. This is accomplished 
by exchanging any two primary a-c leads and either the 
connection between the armature and. the rectifier, or 
the direction of the d-c field current. The d-c field reversal 
requires much smaller contactors than the armature re- 

versal; therefore, it is generally used (Fig. 14). 
Torque-Limiting Circuit. When constant-torque ac- 
celeration is desirable, or when the maximum torque 
produced by the drive should be limited to a certain 
value, this can be achieved by using a relay with two 
coils as shown in Fig. 15. One series coil, S, connected in 
the armature circuit, gives the current or horsepower 
signal. The other voltage coil, V, works on the difference 
between the preset voltage V, and the tachometer volt- 
This relay is set to pick up at about 
the value of ampere-turns created by action of preset 
voltage V’,. Both coils act in an additive sense. The relay 
picks up at approximately constant torque throughout 
the entire speed range of the drive. This torque can be 
adjusted by varying the portion of the tachometer volt- 
age used by a small potentiometer rheostat. For instance. 
when the ampere-turns produced in coil S alone are just 
enough to pick up the relay at 200 per cent torque at 
high speed, at the same torque and half the speed this 
coil will therefore furnish only about one-half the ampere 
turns required to pick up the relay. The additional 
ampere-turns are supplied by the coil V as the tachometer 
voltage signal varies directly with the speed. This is 
illustrated Fig. 15. When this relay is to operate at 
steady-state conditions only and the special accuracy is 
can be supplied by the 
varies linearly with the 
O00 


age-speed signal. 


not required, the second coil V 


armature voltage, which also 


speed. 





Master manipulator station of GE's “Handyman” 
for remote handling of parts in radioactive areas. 


¥ Electrohydraulic 


* Servomanipulator 


To provide a means for reflecting the posi- Essentially what the General Engineering Laboratory 
: ; devised was a bilateral force-reflecting system providing 
tional jorces encountered by a pair of me- continuous positional and kinesthetic correspondence 
between operator and slave manipulator Ltilizing elec 


chanical “‘slave’’ arms and hands back to 
trical, mechanical, and hydraulic components, the servo 


the human manipulator, a bilateral feedback manipulator converts movements of the operator into 

: : corresponding motions of two slave hands and arms, ten 
Sy) stem combines error signals from both motions for each set. This slave assembly registers any 
forces it encounters or generates, except those caused 


master and slave. A unique electrohydraulic ‘ . 
by its own weight (it is electrically counterbalanced by 


SETUVO valve uses pressure feedback rather analog computers) While the kinesthetic sense of the 
; : force-reflecting feature does provide a good simulation 
than flou to achieve force reflection. of direct handling, it should be stated that no actual 
tactile sense is realized in this way. Therefore, supple 
mentary means of monitoring are provided in the form 
of a sensitive microphone (touch sense! and closed-cir 

cuit television to guide the operator 
RALPH S. MOSHER, Project Engineer As indicated in Fig. 1. there are five basic units in 
General Engineering Laboratory the system: a master station composed of a harness-like 
Genenat Execraic Company, Schenectady, N. Y. arrangement for the operator's hands (see headpiece} ; 


with the collaboration of 

BERTHOLD WENDEL 

Graduate Technical Writing Program 
Renssecaer Porytecunic Instirute, Troy, N. Y. 


PERFORMANCE SPECIFICATIONS for a remotely controlled 
manipulator* for assembling parts in radioactive areas 
necessitated the development of an electrohydraulic servo- 
mechanism of advanced design. In addition to providing 
a kinesthetic (muscle) sense for the guidance of the 
operator, the combination of master and slave units, 
connected only by electric wiring. had to satisfy unusu- 
ally stringent requirements of dexterity, strength, sta- 
bility, speed of response, and compactness. 

Handymar 


Desartment. i ndlis t mp 
r Testing Stat ve o Falls, Ida! Block diagram of force-reflecting servomanipulator. 
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a slave station consisting of a pair of mechanical hands 
and arms: an electronic control console, and two hy- 


draulic pump units supplying master and slave hydraulic 


actuators and valves: 


Basic System Operation 


The bilateral character of the system was achieved by 
joining in one loop a pair of positional-error servo- 
mechanisms and connecting them in tandem so that their 
error signals are made common. As indicated by Fig. 2, 
this common signal provides a direct means for reflect- 
ing the slave forces back to the operator. Similarly, a 
slight discrepancy in the spatial correspondence of master 
and slave will not only impart a corrective motion to 
the slave, but will also transmit to the operator a feed- 
back signal of unbalanced force proportional to the 
amount of desynchronization. 

In effect, system operation involves three types of feed- 
back: position, force (a function of position) and 
velocity. Position and velocity signals are monitored by 
miniature a-c tachometers and synchros. After being 
shaped for stability, these transducer signals are directed 
through appropriate amplifiers (four preamplifiers and 
two power amplifiers in each of 20 bilateral loops) and 
then into electrohydraulic servo valves controlling the 
hydraulic actuators. 

As shown in greater detail in Fig. 3, four distinct 
servo loops are involved. The upper one provides position 
feedback, the two center loops measure and compare 
velocities, and the lower loop permits force feedback. 
All three quantities are monitored continuously. 

As the sequence begins, the mechanical position input 
of the operator (left) is opposed by the force feedback 
actuator of the lower loop. If the operator exerts a force 
greater than that of the feedback, the resulting me- 
chanical motion is converted to an electrical signal by 
the control transformer. This signal is combined with 
the position signal arriving at the summing point from 
the upper loop, and the two signals then enter the pre- 
amplifier, which sums them without causing nonlinearity. 
At the next summing point, the velocity signal resulting 
from a comparison of master and slave tachometers is 


introduced, and this measurement provides a means of 


Fig. 3 
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Fig. 2 — Basic bilateral position servo block diagram. 


damping in the event that the slave begins to move too 
rapidly. 

The power amplifier now receives the signals arriving 
from the summing point, combines and amplifies them, 
and transmits the result into the lower feedback loop 
as well as into the slave servo valve. The valve changes 
the pressure of the slave hydraulic actuator according 
to the voltage of the input. Finally, the slave manipulator 
moves the load, simultaneously reporting its position 
and velocity through the upper and lower loops. 


Design Problems 


Engineering design problems were imposed by the 
qualitative characteristics of the system (force reflection, 
remote control), and by quantitative requirement of 
compactness, stability, and other factors. 

Force Reflection. An inherent prerequisite for this 
feature is bilateral response. Coupled with requirements 
of strength and compactness, this requirement led to 
the selection of hydraulic actuators. Electric motors of 
permissible size would have required speed-reduction 


wer ps') 


Primary loops only of one-motion servo circuit are shown in this block diagram. 





, Torque motor 


Fig. 4— Sketch of modified hydraulic servo valve with pressure 
feedback. In the Handyman application, the ram is packaged 
with the servo valves. 


gearing that would have caused an unacceptable friction 
threshold. 

The basic design of the hydraulic servo valve* used 
in this system is illustrated schematically in Fig. 4. A 
d-c torque motor, reed valve and pressure bellows com- 
prise the electrohydraulic transducer. In a typical opera- 
tion, a voltage increase in the torque motor causes the 
reed to approach the nozzle. As a result, the bias pres- 
sure increases, causing the spool to move to the left. 
Simultaneously, the control pressure is reduced because 
some of the fluid now goes to drain. The control-supply 
pressure differential then moves the ram to the left. At 
the same time, the decreased control pressure in the 
pressure bellows tends to allow the reed to recede from 


the nozzle, thereby causing the ram force to be propor- 


tional to the torque motor voltage. 
The opposite function—conversion of hydraulic pres- 
sure changes into electrical output for feedback—is pro 


iinet 
Fig. 6 
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Step input 


O,*8,+ 48, 


Fig. 5 — Mathematical model of bilateral servomechanism (see 
also Fig. 2). 


vided by external circuitry linking the hydraulic rams 
and torque motors. Thus a change in force occurring at 
the slave station produces an electric output which serves 
as the input of the torque motor in the master station. 
There the hydraulic rams operate a system of mechanical 
linkages terminating in the hands of the operator, who 
experiences a force one-third as great as that encountered 
by the slave. 

It is significant that feedback is based on pressure 
rather than on flow. In the more conventional flow-con- 
trolled servo valve, a closure of the valve would cause 
locking as a result of trapped fluid, and only unilateral 
operation would be possible. To minimize complexity 
and packaging size, the transducer and ram are contained 
in the servo valve package. A compact nest of five of these 
assemblies is possible. 

System Stability. Referring to Fig. 5, 


matical model of a bilateral servomechanism, and solv 


the mathe- 


ing for 4, and 6., we obtain 


G ind @ 
Now, if the transfer functions are identical (G G 
G), both denominators become | 2G, to vield a 
characteristic equation of 1 + 26 0. The factor of 
2 indicates that the open-loop gain of a bilateral system 
could be double that of a similar unilateral system. 
stability 


bilateral operation are necessarily 


Consequently, the problems associated with 
more severe. Addi 
tional stability requirements were dictated by the wide 
range of inertia value caused by loads of various weights 


These problems of force stability were solved by the use 





Secondary servo loops involving electrical counterweighting with analog computer. 
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Block diagram for “Shoulder Forward” counterweight computer. Not shown are identical circuits for Shoulder Sideward, 


Upper Arm Twist and Elbow Twist that also tie in to master and slave torque computers. 


of shaping networks and tachometer damping. 

Another potential source of instability was the inter- 
action of the 56 servo circuits comprising the system. 
Critical damping in each servo prevented this condition. 

Balance. In the design of this system, two kinds of 
drift tendencies had to be considered before the almost 
perfect balance required could be attained. One was 
desynchronization: components utilizing signals common 
to master and slave had a tendency to cause positional 
discrepancies. In contrast, force drift was developed in 
components that handled either master or slave signals 
one at a time. 

Position drift tendencies caused by component drift 
were compensated by designing the system with high 
gain and stiffness. As a result, a 50 per cent drift causes 
no more than a 2 per cent displacement, which presents 
no problem. Stiffness, besides limiting this loss of stroke 
caused by the desynchronizing effect of heavy loads, also 
provides high sensitivity of force feel. 

The problem of force drift is directly related to the 
fundamental nature of the system. This servomechanism 
is essentially an open-loop system, closed by the human 
operator, who compares the force signals and makes 
appropriate corrections. Consequently, simply increasing 
the gain and providing a low-pass filter to counteract the 
increased gain at high frequen es would not wash out 
this type of drift. Instead, the problem was solved by 
use of an integration circuit with a very long time con- 
stant, making it unnecessary to balance the system con 
tinually by manual adjustment of d-c bias voltages. 

Counterweighting Problem. Early attempts to 
achieve counterbalancing by means of physical weights 
did not yield satisfactory results. There were two reasons 
for this. First, the amount of weight required for suc- 
ceeding sections of the slave hands and arms increased 
extremely rapidly, leading to an unwieldly arrangement 
of weights. Second, the counterweighting required for a 
given section was not only a function of its own load 
and position, but also depended on those of the other 
sections. Complex relationships encountered as a result 
of this condition could not be completely solved by any 
combination of weights. 

For these reasons, the counterweighting operation is 
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performed electrically by means of secondary loops in- 
volving analog computers. The basic secondary-loop 
system for this and other functions is illustrated in 
Fig. 6, and a more detailed schematic of a typical counter- 
weighting circuit—the one for “shoulder forward”—is 


given in Fig. 7. 

To effect counterbalancing, torque transmitter synchros 
monitor the positions of the arm sections of both master 
and slave. These monitoring positions cause rotation of 
cascaded resolvers, and the resolver signals are fed into 
the computers. The output signal, which is proportional 
to the torque required, is summed with the other signals 
at the electrohydraulic torque motor. As a result, the 
slave arms are in effect weightless to the operator. 

Friction Effects. Careful design of linkages and gear 
trains resulted in a fairly low friction level. A significant 
further reduction was achieved through dither. which is 
supplied by the subsystem shown in Fig. 6. In this ar- 
rangement, a 400-cycle electric input produces a barely 
perceptible vibration of mechanical components. Al- 
though the actual reduction of friction is only on the 
order of 10 per cent, the difference felt by the operator 
appears much greater, especially because the system is 
bilateral. 


Evaluation 


Speed and strength are adequate for all tasks that can 
reasonably be expected to be encountered. Even at their 
maximum separation of 9 ft, the slave arms are capable 
of lifting at least 75 lb, and under ideal conditions of 
arm position, this value may be doubled. Time lag of 
slave response with respect to master input is barely 
noticeable. 

Maintenance problems can be corrected more easily 
than might be expected for a fairly complex system 
through the use of a modular arrangement. Amplifiers, 
for example, are interchangeable plug-in units with 
identical characteristics. 

The expense of manufacture and operation does not 
justify the use of this servomanipulator for tasks that 
can be handled by devices of less sophisticated design, 
but the system is extremely well adapted for remote- 
handling problems of considerable complexity. OoO0OO 
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lron-Core Devices: 
Evaluation of Complex Impedances 


A difficulty in determining the characteristics of iron-core devices 
is the fact that their parameters are complex functions of current, 
frequency and actual circuit conditions. Accurate prediction of the 
behavior of iron-core devices would involve the derivation of the vari- 
ous interdependency functions of all circuit parameters with respect 
to each other. Since this is impractical and usually impossible, 
analytical application of empirical methods must be employed. Ac- 
curate and convenient measuring and data extrapolation techniques 


for the purpose have been developed. 


GENE J. HEGEDUS 
Senior Engineer 
Ryan Evectrronics 
Torrance, Calif. 


Considering 


THE MAJORITY of commercially available measuring instru 
ments operates at arbitrarily fixed frequencies and voltages 
and, while these may be varied, this often complicates their 
interpretation. Since the characteristics of iron-core devices 
measured under arbitrary conditions will differ from those 
under actual operation, the results of measurements obtained then 
under certain conditions are sometimes called “true” param- 
eters, while the results obtained under other conditions 
are called “apparent” parameters. This assumption is 
questionable. In addition to the nonlinearity of the iron 
core, the physical configurations of the windings introduce 
extraneous capacities and resistances. It is very difficult 
and often impossible to predict the behavior of a device 
under one set of conditions from the results obtained by 
measuring its behavior under another set of conditions 
However, the purpose of the test is to determine the suit 
ability of the device for the job assigned to it, and it is, in 
fact, general practice in the industry that the circuit engi- 
neer will specify the device to exhibit the desired character- 
istics in his circuit under operating conditions. It is obvious 
that, under these circumstances, a simple solution to the 
problem of determining the suitability of the device is to 
test it under the expected circuit conditions or a simulation 
of them. 

Quadrature components of complex impedances usually 
are not indicated by instruments and must be extrapolated 
from available data. This is not necessarily a tedious, time- 
consuming operation. For instance, in the well-known 
“three-voltmeter method.” Fig. 1, three measured voltages 
will permit the calculation of all other circuit parameters. 
If a voltage is applied across an impedance in series with 
a resistance, the relationship of the voltages according to 
the law of cosines will be: 


142 ELECTRO-TECHNOLOGY 





REY E,7’ Ee’) . j 1h Zh 
2k x V (EP — Ef — Ey 


Thus, knowing the applied frequency and the value of R, 
the measurement of the three voltages E,, Ey, and E, will 
allow the calculation of all other parameters. 

There is a somewhat simpler graphical solution of this 
method possible (Fig. 2). Using an arbitrary scale, draw 
a horizontal vector for E,, an are from the right-hand end 
for E,, and an are from the left-hand end for E,. Draw 
the vector Ey, from the lest-hand end to the intersection 
of the arcs, and the vector for E, from the right-hand end 
to the intersection of the arcs. A perpendicular dropped 
from the intersection of the arcs on the extension of the 
vector for E, will then represent E,, and the extension of 
E from the right-hand end to the intersection with E,, will 


\, 


be the in-phase component, or the voltage drop across the 
a-c resistance r. The angle between E, and E, is @, the 
actual phase angle of E,. Since current is Ey/R through 
all parts of the circuit, impedances and resistances obtained 
by dividing all voltages by E,/R will be directly propor- 
tional to their corresponding voltages and the vectors of 
those voltages. Therefore, the same vectors can be used to 
measure values of impedances and resistances by substitut- 
ing the value of R for the value of E, in the original scale 
value and redesignating E, to Z,, E, to Z, E, to r, and 
E., to X 

The graphic method can be simplified by using the 
“Extrapolating Graph,” Fig. 3. In the circuit of Fig. 1, 
make RK variable, adjust it until voltage across it equals the 
voltage across Z, then measure the total, E,. From the ratio 


i 


E,/E,, the graph indicates directly @, sin @, and. cos @. 
The theory of the graph is that if E, and Ey, are made equal 


and set equal to unity, Eq (1) simplifies to: 


therefore, 


v2q1 + cos @) 


“ 


Fig. 2— Graphic solution of three-voltmeter method. 
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Again, the impedance vector is congruent to the voltage 
vector. Since E, is the voltage drop across the impedance 
under test, and Z is directly proportional to it, the com- 
ponents r and X, can be found if Z and & are determined. 
Also, Z R if R is adjusted so that the voltage drop across 
it is the same as that across Z. The angle & is indicated 
by the graph of Fig. 3 from the corresponding E,/ Ez ratio. 
The numerical value of the E,/E, ratio, as indicated in Eq 
(2) for & = 0-90 deg, lies between 2 and \/2. To use the 
graph: adjust R until voltage across it equals the voltage 
across Z; then connect the (high input impedance) meter 
across both and, after measuring E,, determine the ratio 
E,/E,. The value of @ can then be read directly in degrees 
on the same scale. Value of cos & is obtained by dropping a 
vertical line on the horizontal axis, and sin & by reading 
horizontally across the vertical axis. 

With Z, E, &, cos &, and sin & a large number of para- 
meters can easily be determined: 


Il=E/Z (3) 

O = tan’ (4) 

core loss = (£7/Z) cos 6’ (5) 

For r and X, of Z, where these components are represented 
in series: 

r=Zcos@ (6) 

X, = Zsin@’ (7) 


Where, under the same / and E conditions, the active com- 
ponent is in parallel with the reactive component, 


r= Z/cos 0’ (8) 
X, = Z/sin@’ (9) 


This method is more accurate than the voltmeter used in 
the test, since it is not the measured voltage but their ratios 
that determine the values of the parameters. 

A Computing Circuit. To proceed one step further, 
a computing network can be devised (Fig. 4). Since the 
values of the ratio E,/E, for 0 0-90 deg are between 


» 


2 and \/2, the values of the ratio E,/E, for the same & 


Fig. 3 — Chart for graphic vector solution. 





Fig. 5 — R-L circuit. 


will be between 1% and 1/\/2. If there is a network across 


the source in parallel with E,, the voltage equal to E, will 
be at some setting of the potentiometer, the resistance of 
which lies between 0.5 and 0.7071 of the total resistance. 
Therefore, if the network is constructed in such a way that, 
for the values between 0.5 and 0.7071 (i.e., that part of the 
total resistance equal to 0.2071), a calibrated potentiometer 
or decade is used, then: 


Ez/Er = (N/K) + 0.5 (10) 


where N is the dial indication of the potentiometer or decade 
between zero and maximum indication and 


‘ maximum indication 
K = = (11) 
0.2071 


Inserting the value of E, in the equation for the phase 
angle: 


Therefore, 


(12) 


will give values of the cosine of the phase angle in terms 
of potentiometer or decade readings. 

Although simple, the test 
is accurate. It eliminates the inaccuracies of the mathe- 


instrument described above 
matical solution of the three-voltmeter method, caused by 
the necessary approximations, and the inaccuracies of 
graphical solution measurements. 
meter inaccuracies, as the meter is used for all three read- 
ings at one point only. It would seem that the accuracy is 
limited only by the accuracy of the resistors; this is true 
for many problems, but the method does have its limitations. 

With high flux density, an iron core tends to absorb 
portions of the fundamental frequency and generate har- 
monics. This is manifested by waveforms across the induct- 
ance differing from the ones across the resistance standards. 
Since, essentially, the extrapolation method uses compari- 
son techniques which compare a nonlinear element with 
linear standards, if the voltage comparisons are made on 
the basis of the average values of the voltages appearing 
across the elements, errors will appear (from negligible 
amounts to several hundred per cent), depending on the 
flux densities involved. These errors are due to harmonic 
components generated by the core and they change basic 
premises for the evaluation of iron-core devices. The repre- 
sentation of such a device as a linear energy-dissipating 
element is valid only at low flux densities. With high flux 
densities, an equivalent circuit must contain energy-dis- 
sipating as well as energy-delivering elements. To calculate 
the actual power dissipated in such a core, the circuit wave- 
form must be analyzed and the part of the harmonic power 


It completely eliminates 
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Fig. 4-—— Computing circuit. 


dissipated in the resistive elements of the circuit subtracted 
from the apparent power delivered to the iron-core device 
-by the source at the fundamental frequency current. A 
‘dynamometer type of wattmeter included in a bridge cir- 
‘cuit proves the validity of the correction by harmonic 
‘analysis. (1)* 

The harmonic power dissipated in the resistive elements 
of the circuit exclusive of the loss in the reactor is expressed 


by: 


P, es R (13) 


where /, is the nth harmonic component and R, is the cir 
cuit resistance, including the source resistance and exclud 
ing the r of the reactor. If R 
correction is not necessary. 

output resistance characteristics, 
compensate for the resistances, 
measurement technique. (2) Other techniques use feedback 
into the exciting amplifier to furnish the harmoni 


linear elements of the test 


is reduced to zero, harmonic 
A power source with negative 
which can be adjusted to 
circuit simplifies the 
power 
consumed by the resistive 
circuit. (3) 

Nonlinear Circuits. 
extrapolation techniques to nonlinear circuit conditions, let 
Normally, the voltmeter 


To extend the application of the 


us recapitulate circuit conditions 
used to compare voltages is a standard VIVM with 10 
megohm input impedance, for average values of applied 
voltages. This is perfectly adequate under linear (low flux 
density) conditions. When the flux density increases, part 
of the power furnished at the fundamental frequency to 
the iron-core device is returned to the circuit in the form 
which are then dissipated in the 


of harmonic currents, 


resistive elements. Evidently the indication of the dissipated 
power without any correction will depend to a great degree 
on the numerical value of the resistive elements of the test 
Since the extrapolation technique is based on the 
geometry of the 
bisection of the voltage across the RL combination. How 


circult, 
isosceles triangle, it requires accurate 
ever, by using an average responsive VTVM., this impedance 
division will be erroneous, as the resistance may be adjusted 
to any value for which the average values of the voltages 
happen to be equal. 

The power in such a circuit is the integral of the instan 
taneous values of the product of e and i. 

1° 

P | eidl 
t 


Considering the particular circuit, Fig. 5 


' 


l fer 
P, ' | R edl 


i 
Pr => | ened (16) 
Rs 


* Italic numerals in parentheses refer to Cited References at end of article 
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where P,; == power dissipated in the inductor portion only. 
Since, in the circuit, 


C= tate (17) 
at any instant, then 


ee + ee, + ef (18) 


and 
Cs 


Substituting Eq (19) into Eq (16) will result in 


] ‘ 
P tf on f (er? - ez? - e,*)dl 


P. ais i, Sets = En nw (21) 
where P.,, average true power. The substitution of the 
term in Eq (19) for the term in Eq (16) allows the direct 
computation of (true) power, as all three voltages are given 
as functions of time, which in turn permits establishing 
their time-phase relationships to each other. 

If, instead of the average-responsive VTVM, a true rms 
VTVM is used for comparison, this will indicate the true 
rms values of the voltages across R and Z and the source 
(including such harmonics as are there) by indicating a 
value proportional to the heating effect of the voltages 
regardless of their waveform. These values inserted in the 
proper equations result in correct indication of the true 
average power. 

Therefore, Eq (21) is modified for the application of the 
extrapolation technique: 


Eevee nr Fertz 


Therefore, 


Cy r/ Feet x) 
2R 


2k (22 


Post 


where A the numerical value of E,, 


tions for all other 


(or E.+; »). Equa- 
nonlinear conditions 
(and consequently exhibiting distorted waveforms) can be 
derived by similar modification of the technique with the 
fundamental requirement of determining voltage relation- 
ships in terms of true rms 

Fortunately for this 


parameters under 


there are now true 
rms VTVM instruments with high input impedance (up to 
10 megohms) commercially available. While these meters 
may not be highly accurate, the meter accuracy does not 
influence the 


requirement, 


results of the measurements, the accuracy 
depending largely on the resistors in the circuit. In the 
case of extremely voltage-sensitive coils, it may be necessary 
to precalibrate the voltage point at which the measurement 
is supposed to be made. 

There are other facts to be considered in order to inter- 
pret correctly the indications of an instrument designed on 
this theory. One of them is that, if a coil is excited from 
a low-impedance source by a sinusoidal voltage, its flux 
excursions will have a sinusoidal form but the current will be 
non-sinusoidal; whereas, if it is excited from a high-imped- 
ance source by a sinusoidal current, the flux excursions will 
be non-sinusoidal. If we assume that the exciting source 
has an impedance sufficiently low to be negligible as com- 
pared with the impedance of the coil, there is still the 
series resistor which appears as part of the source im- 
pedance. In the linear regions this does not affect the 
accuracy noticeably; in nonlinear regions the effective values 
must be considered. 

Another problem arises when the numerical value of the 
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Fig. 6 — Three-ammeter method. 


Fig. 7—Circuit for using one instrument for three measure- 
ments, in “R” and “Z” position (top) and in “T” position 
(bottom). 


impedance is sufficiently high that, with the high impedance 
of the meter across it, the combined value departs con- 
siderably from the original impedance value. If a standard 
10-megohm input impedance is used, impedance values up 
to 50,000 ohms can usually be compared, with negligible 
Beyond that value, 
this error increases, reaching undesirable proportions—even 
to the point where it is impossible to adjust the series 
resistor for a correct division. 
obtained — by 


error being introduced by the meter. 


A certain correction can be 


connecting a simulated meter impedance 
alternately across coil and resistor while the meter is across 
For this curcuit condition, it seems 


radically 


the other component. 
from the manner in which 
the voltmeter is used across impedances and resistances. 
However, the basic extrapolation theory still can be used 
with appropriate variation. 


Three-Ammeter Method. In Fig. 6: 


Ip = Ig? + [2 — 2 gl z cos 6 (23) 


advisable to depart 


It follows that the equation of the three-ammeter method 
closely follows the equation of the three-voltmeter method, 
and extrapolation techniques can be applied. If 1, —=/, = 
], then: 


2 cos! (24) 


Ir/Iz: = Vv 2(1 + cos @’) = 


The voltage-impedance vector becomes a current-conduct- 
ance vector and the graph of Fig. 3 can be used to determine 
phase angles from the current ratios in the same way as 
with the voltage ratios. Another instrument can be de- 
signed which uses a meter for all three measurements at 
a single point only (Fig. 7). If the ammeters /, and /, are 
replaced by shunts, the voltages measured across the shunts 
with a high-impedance voltmeter will be proportional to the 
currents. Since the values of the current ratios /,/1, for 
& == 0 to 90 deg will be between 2 and \/2, the value of a 
shunt across which the combined currents will develop the 
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Fig. 8 — Incremental inductance measurements. 


Fig. 9 — Diagram of voltage instrument. 


Fig. 10 


Diagram of current instrument. 


same voltage as the single currents developed across S 
and S, (respectively) will, for the same angle, lie between 
14 and 1/\/2 times the ohmic value of either Sp, or S,. If, 
therefore, this shunt is broken down into two parts, one 
equal to 0.5 S and the variable part equal to 0.2071 S, the 
mathematical function for the 0.2071]-part variable resistor 
will be the same as the function for the voltage potenti 
ometer, and the measuring techniques will also be the 
This method has the 
limit of the impedance which 
Due to the low 
resistances of the shunts, no error is introduced by meter 


same as with the voltage method. 
advantage that the upper 


can be measured is practically unlimited. 
impedance. The considerations for the measurements of 
coils under high flux density are the same as with the volt 


age method. In this case, the definition for power, as was 
shown in Eq (16), can be written as: 


P rf Riviat 


As before. 


at every instant. Therefore, 


; 
} 
: 


and 


ee 


which finally becomes: 


Port 


where k (or Loree): 

For incremental inductance measurements, where d-c is 
(Fig. 8), the d-c 
‘current” method as for the 
voltage method, where sufficient d-c voltage must be applied 


the numerical value of /,,, , 


applied simultaneously with a-c 
required is not as high in the 


volt ige 


to the R-L combination to cause the same d-c current to 


flow in the series decade resistor as is required in the 
inductor. The only care which must be exercised is that 
the ohmic value of the shunt must be much less than 1 
per cent of the ohmic value of the impedance, otherwise 
the phase shift introduced in the Z branch will cause errors 

Design considerations for either the voltage or current 
instrument 


or even a combination instrument—will depend 


on the ranges needed. Tentative schematic diagrams are 
given in Figs. 9 and 10. Since the input transformer secondary 
impedance in Fig. 9 will represent a lower limit for the 
impedance to be measured, this (as well as the power 
dissipation and the value of the decade resistor) must be 
Frequency response can be improved 
if the input transformer is omitted and R and Z are switched 


in such a manner as to permit a single-ended input instead of 


chosen accordingty. 


the balanced-input transformer. The network parallel with 


the a-c source is not critical as long as the ratios are 


adjusted correctly, the potentiometer is linear, and the 
1000 times greater than the 
Resistors 


eters and decades must be non-inductive 


meter impedance is at least 
portion between wiper and low side potentiom 
The voltage and current instruments are similar in oper- 
After Z is connected and voltage applied, switch 
between RK and Z positions and 


adjust R and source voltage until both voltages are equal 


ation. 
the voltmeter alternately 
and have the required amplitude. Then switch to 7, and 
adjust the potentiometer until the voltage is the same as 
at the 
dications by means of a prepared table into values of phase 


previous readings. Convert potentiometer dial in 


angle, and sine, cosine, and tangent values of the angle 
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A Guest Editorial 


Electrical Insulation— 
A Dynamic Technology 


K. N. MATHES, Insulation Systems Engineer 
Generar Evecraic Comrany 

Ceneral Engineering Laboratory 
Schenectady, New York* 


THe TREMENDOUS breadth and scope of electrical systems 
design have become so commonly accepted that the com- 
plexity and variety of the materials used are often taken 
for granted. In particular, electrical insulation has been 
used so long and so extensively that technological advance 
in the future may appear to be slow and unexciting—the 
development of a “mature” technology is inferred! 

Such a conclusion is strikingly at odds with the recog- 
nized explosive evolution in the research and development 
of electrical devices and equipments. One large electrical 
company estimates that new products accounting for one- 
third of its current production have been developed since 
World War II. Almost every day the technical press cites 
accomplishments in new methods for direct conversion to 
magnetohydrodynamics, fuel cells, thermo- 
electric solid-state devices. It is commonly recognized that 
revolutionary technical development in electrical devices has 
been involved, but the importance of the materials from 
which these devices must be made is seldom realized. 

An operations engineer at Cape Canaveral, when asked 
if problems with materials were a source of trouble, replied 
that component failures were a constant plague but that he 
didn’t know of any basic problems with materials. Yet, in 
a vast number of such cases, faulty electrical insulation or 
its improper application are responsible for the failure 
of the device. The operations engineer looks at the failures 
of his “black boxes”——not at materials problems. 

The design engineer often seems concerned. primarily 
with functionally optimizing his mechanical design or elec- 
trical circuit. Too often, not until the design has been com- 
pleted, is the materials or electrical insulation engineer 
called upon to specify materials for operating and service 
conditions that are (also too often) inadequately defined. 
Obviously the materials engineer needs to understand both 
the design problems and the application requirements. 
As Von Hippel has stated, “New fields of learning breed 
new specialists and the augmented confusion of tongues 
brings nearer the catastrophy of the Tower of Babel.”+ 
But more than a confusion in vocabulary is involved. Differ- 
ent educational backgrounds, interests and objectives tend 
to produce wide gaps difficult to bridge. The organic chemist 
interested in polymer research may simply not be interested, 
or at best may find it difficult to understand, the problems 
and needs of the engineeer who may use the output of his 
research! 


electrical energy 


The powerful forces of today’s technology, however, move 


*Mr. Mathes is Past Chairman of the AIEE Electrical Insulation Committee. 


t “Molecular Engineering—an Evolution in Understanding,” A. R. von Hippel, 


Eiectaican Manuracruninc, May 1960, p M4 
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toward the elimination of limited viewpoints by “specialists,” 
the closing of professional gaps between different groups, 
and, inevitably, toward a blending of the sciences and engi- 
neering. This is essentially the concept of molecular engi- 
neering as has been propounded by Von Hippel and recently 
reviewed in this magazine by Javitz.t 

The elements of our complex technology must be brought 
together in such a way that each can learn from the other. 
To this end the National Conference on the Application 
of Electrical Insulation emphasizes application but invites 
participation by those with a whole range of interests, from 
basic materials development through design engineering 
and including the marketing of insulation materials. The 
annual Conference on Electrical Insulation of the National 
Academy of Sciences—National Research Council emphasizes 
the more basic aspects but welcomes engineers interested 
in the application of electrical insulation. National and 
international committee activity** also brings together dif- 
ferent areas of electrical insulation technology with the 
object of increased understanding. 

Such technical cross-fertilization is made urgent by the 
rapid advance in electrical technology combined with tre- 
mendous and complex progress in the chemistry and devel- 
opment of new insulation materials. In many of the new 
devices, electrical insulation must meet mechanical, thermal, 
radiation, and electrical requirements undreamed of a few 
years ago. In magnetohydrodynamics, temperature require- 
ments are stated in thousands rather than hundreds of 
degrees centigrade. The insulation for solid-state therm- 
oelectric devices may require temperature and radiation 
resistance combined with high thermal conductivity and 
formability not now available in any known material. Ad- 
vanced forms of miniaturized electronic circuitry require 
materials and techniques that are still only hopes. 

Fortunately, research and development in materials seem 
to be proceeding at an exponential rate. Complex polyesters, 
silicones, epoxies, polyurethanes, aromatic polyamides, and 
perfluorinated materials are becoming as familiar as the 
phenolics and alkyds of the prewar era. The complex of 
man-made resin, fiber, sheet and inorganic insulation avail- 
able today would have seemed bewildering even ten years 
ago. If not bewildering now, the complexity in available 
materials demands that every possible effort be made to 
bring development and application together. 

With the rapid progress in materials research and the new 
needs of increasingly complex electrical devices, it is un- 
thinkable that electrical insulation is or will become a “ma- 
ture” technology. Plateaus, of course, may occur in any 
growth process, but for electrical insulation they are tran- 
sient and do not indicate a trend. Instead, electrical insula- 
tion technology is, and must be, as dynamic as the needs it 
meets and the science from which it grows. O00 


ft “Introduction to Molecular Engineering,” Alex. E. Javitz, Execraican Manv- 
ractuninc, May 1960, p 35 


** See “Impact of Ioternational Insulation Standards on American Design Prac 
tice,” J. F. Dexter, in this issue 
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The Dynamic Mechanical 


Properties of 


Plastics 


Dielectric 
Materials 


The electrical characteristics of plastics 
materials are not the only design parameters 
in insulation systems. The mechanical prop- 
erties are equally and increasingly impor- 
tant as environmental and service conditions 
become progressively more severe. These 
considerations are analyzed here in terms of 
basic theory, specific classes of insulation, 
examples of application in components and 
systems, and from the standpoint of fabri- 


cation variables. 


THOMAS D. CALLINAN , 

INTERNATIONAL Business Machines Corporation 
Research Ceater 

Yorktown Heights, New York 


THe wipesereap use of plastics for their dielectric prop 
erties, and the high degree of sophistication existing in the 
relationships of the electrical and chemical properties of 
matter, have obscured the vital significance of their struc 
tural and mechanical behavior. The well-known phenomenon 
of embrittlement in aging of plastics insulation, for example, 
obviously involves a concomitant change in the electrical and 
mechanical properties; whether aged insulation fails first 
mechanically or electrically is still an unresolved question 

In this article the dynamic mechanical properties of plas- 
tics insulation will be analyzed in relation to: (1) specific 
classes of insulating materials, such as varnished cambric; 
(2) components, such as magnet wire and thin-film capaci- 
tors; (3) fabricating considerations; and (4) special appli- 
cations such as missile systems 


The Molecular Background 


The possibility of molecularly engineering (1)* a dielec 
tric material is well established. It consists of a number of 
relations between the electrical and chemical properties of 
matter which, when applied judiciously, result in a product 
of value to the design engineer. There also exists today an 
analogous body of relationships between the mechanical and 
chemical properties of matter which can, if applied equally 
judiciously, result in supplying the design engineer with 
products of equally high value. The fundamental concept 
underlying the molecular engineering of the mechanical 
properties of plastics insulation (as well as other plastics 
materials) is that the macroscopic properties arise from 
the intrinsic properties of the molecules. These properties 
include the energies which bond the constituent atoms to- 
gether to form a given molecule as well as the energies 


* Italic numerals in parentheses refer to Cited References at end of article 
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which cause adjacent molecules to interact. This concept 
accounts for differences in the physical properties of mate- 
rials of different chemical composition (polyvinyl chloride 
and nylon) and differences in those of the same gross chem- 
ical composition (atactic and isotactic polystyrene). 

From the atomic constitution itself arise all the familiar 
characteristics of resistance to heat radiation and oxidation; 
the atomic configuration determines changes in melting 
points, dipole moments and degrees of crystallinity. 

The mechanical properties which can be related to the 
molecular characteristics of the components are the density, 
melting or flow point, viscosity, moduli of elasticity and 
degree of elongation of plastics. Each relationship will be 
developed as required. 


Magnet-Wire Insulation 


Magnet-wire insulation has three purposes: it acts (1) as 
a mechanical spacer conferring mechanical integrity on the 
winding, (2) as a dielectric, and (3) as a moisture barrier. 
A failure in any one of these requirements results ultimately 
in failure of the equipment. 

In order to evaluate magnet-wire insulation in terms of 
these three requirements, it is customary to subject samples 
of the material to various mechanical, electrical and chem- 
ical tests. Insulated wire is made to undergo abrasion, flex- 
ural and vibrational checks. Dielectric tests involve break- 
down strength, electrical conductivity, and power factor. 
Moisture resistance and solvent resistance are tested because, 
either in use or during cleaning operations, the windings 
may be wetted. 

The mechanism of chemical stress cracking is thought to 
arise from the solubilizing action of the polar liquid on the 
low-molecular-weight fragments of the plastic in the per- 
iphery of the material. Accelerated aging tests have been 
used extensively to give the design engineer a feel for the 
relative merits of wire insulation. Usually the purpose of 
accelerated aging tests is to subject the insulant to elevated 
temperatures and to determine at what rate some property 
such as tensile strength or electric strength changes with 
time. 

For this discussion, however, it is important to realize 
that only 10 per cent of the failures of insulation arise 
from dielectric rupture. (2) Most failures arise from me- 
chanical changes such as fracture, creep or stripping of 
the coating. Each of these changes is a mechanical charac- 
teristic of the insulation dependent on its chemistry, physics, 
application history and experience. 

Using stress and strain, respectively, as the measures 
of restoring force and deformation, Hooke’s Law states that 
the stress set up within an elastic body is proportional to 
the strain to which the body is subjected by the applied 
load. The proportionality constant is a material constant 
(modulus of elasticity). An elastic body may be loaded in 
three different ways: in one, the load tends to change the 
length of the body; in another, its shape; and in the third, 
its volume. The stress may be caused by the application of 
external forces such as bending, hammering, or vibration, 
or it may be caused by internal forces such as may arise 
from the aging of an insulating coating or enamel in a 
magnet wire, the leaching out of a plasticizer, or the mech- 
anisms of the inherent plastics “memory” of a polymer. 
Fracture occurs when the elastic limit of an insulating 
coating has been exceeded. On new, fresh, and not over- 
cured coatings, the extensibility is high and the failure rate 
for this reason is low. Upon aging, however, most plastics 
become brittle, their extensibility decreases, and although 
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their tensile strength and moduli of elasticity increase appre- 
ciably, their elastic limit is lowered. It is probably this phe- 
nomenon, more than anything else, that is the cause of 
magnet-wire failure. 

Creep is the characteristic of plastics insulation which 
involves the flow of the material from one place to another 
without the application of externa] stress. It may arise be- 
cause of changes in the composition of the insulation mate- 
rial; for example, if the plasticizer evaporates during serv- 
ice, the residual material will tend to shrink or contract. 
In a magnet wire, the plasticizer may migrate and concen- 
trate on the outermost surface of the insulating enamel or 
coating, making it fluid and susceptible to flow. Finally, 
the plastic may change position because in being applied 
its molecules were “frozen” in a strained or non-equilibrium 
state. With time and temperature, the molecules become de- 
strained and relax to their original condition (coiled, crys- 
tallized, etc.). 

Separation of the enamel coating from a magnet-wire 
conductor is a complex type of a failure. It may be par- 
tially caused by the adhesive properties of the coating— 
essentially a mechanical failure. Such a failure may arise 
either in case of true adhesion or false adhesion. A false 
adhesion is the kind one observes when a wet piece of paper 
“sticks” to glass; it is only a matter of time for the moisture 
to dry out, the paper to shrink and the bond to become 
“unstuck”. A true adhesion is the kind one observes when 
copper is wetted with a Formvar enamel. Here the chem- 
ical ingredients are such that a bond is formed which is 


Modulus of 


eit 
’ 


The variation of the modulus of elasticity of a plastic with 
temperature and frequency. 





\ viscosity spectrum—the dependence of the rate at which 


various materials flow on the applied stress. 


Although 
such stresses can and do arise at different points, they ulti- 
mately act simultaneously in the fracture of the film 

It is generally believed that the failure of magnet wire 


disrupted only by tearing the metal or the film 


in service arises from a combination of fracture, creep and 
separation of the coating from the conductor. That all three 
of these effects follow the 10-degree law* is difficult t 
imagine; as students of accelerated aging know, various 
insulating materials actually differ appreciably in the rate 
at which electrical properties deteriorate. It is therefore 
extremely important to delineate carefully the different 
rates at which fracture, creep and separation proceed and 
to make sure that the test method employed takes all three 
into account. Failure to do this—such as is done in tensile 
and abrasion tests—can give quite misleading results 

The life of magnet-wire plastics insulation will be extended 
appreciably by the use of materials which exhibit less change 
in their mechanical properties than the present ones. This 
extension is obtainable by molecularly engineering materials 
which can be relaxed or de-strained after they have been 
assembled in the finished structure. This will eliminate one 
of the chief causes of failure at the present time—fracture 
at a bend. Further improvements will arise when materials 
are developed as insulants which are plasticized internally 


Finally, 


the development of materials with greater tendency to com- 


rather than by the addition of added plasticizers. 


bine chemically with the copper will result in coatings far 
more resistant to peeling and separation. 


Varnished and impregnated Insulation 


Varnished cambric, while not a new or exotic material, is 
a classic illustration of how the mechanical properties of a 
plastics composite can be varied by changes in the mechan 
ical properties of its components. Depending on the structure 


of the fabric, the composition of the varnish, and the con- 


ity of a chemical reaction (or deterioration of an 
time operating temperature goes up 10 dey 


osulating material) 


stants of the varnishing towers and associated equipment 
a variety of products, differing appreciably in mechanical 
properties, can be obtained. For example, one set of variables 
will result in the production of an impregnated cloth having 
approximately the same dimensions as the original fabric 


and possessing a high electric strength, a high modulus of 
elasticity, and low stretchability. By changing the constants 
of the machine (but not the chemistry of the process) one 
can produce a coated cloth appreciably thicker than the 
original fabric, with a moderately high electric strength and 
no appreciable change in modulus of elasticity or exten 
sibility. The differences arise because, in the first case, the 
varnish filled the voids in the fabric and formed an im 
pregnated structure, while in the second case a sandwich was 
formed in which the fabric and the varnish films retained 
their integrity 

The differences in the products arise from s number of 
interrelated phenomena, the most important of which is the 
viscosity of the varnish. This mechanical property, like 
dielectric constant, is time-dependent; it is therefore a 
dynamic characteristic of matter and its value is dependent 
upon the test conditions. There are many kinds of resistance 
to flow and they are related to the molecular properties of 
the components of the material. Materials are conveniently 
distinguished on the basis of how they respond to different 
rates of flow. Suppose the liquid is confined between two 
planes, one fixed and the other movable, of area A and 
separated by a distance x. If a constant force F is applied 
to the movable plane, it assumes (after acceleration) a con 
stant velocity v. The liquid between the planes finds itself 
subject to a shearing action; the molecules slide over one 


inother. This relationship may be written as 


where + is the shearing stress, dv, dx is the velocity gradient 
ind » the proportionality constant known as the viscosity 
coefficient. A viscosity of 1 poise 18 defined as the shearing 
stress of 1 dyne per em which produces a velocity gradient 
of 1 em/seec/em. A fluid which obeys this relationship is said 
to be a Newtonian liquid. Simple liquids such as water 
respond to a shearing stress in direct proportion to the 
rate of shear, but solutions and dispersions of plastics act 
differently 

1. Some plastics solutions actually resemble solids in that 
they do not flow until a definite and measurable amount of stress 


has been applied —that is, a yield point has been passed 


2. Many plastics exhibit great resistance to shear at low rates 
of shear, but are much less viscous at high shearing stresses. This 
is so because the plastics particles form a reticulum or network 
of floccules which are broken during shearing 

3. Still other plastics will flow moderately at low shear stresses 
und will exhibit great resistance to flow at higher stresses. Such 


materials are said to undergo “dilatant” flow. 


By knowing the exact viscosity of a plastics dispersion 
under the conditions of application, it is sometimes possible 
to change a coating process into an impregnating process 
at will. The temperature dependence of viscosity is still 
another consideration. 

The fact that such different products as a coated cloth and 
in impregnated cloth can be prepared suggests that, by 
adequate process control, a range of products having inter 
mediate qualities may also be produced. It is also an expla 
nation of why irregularities are frequently observed in coated 
or impregnated materials. Certainly the variations observed 
in XXX-P phenolic laminates may well arise from the failure 
of the varnish to impregnate on high-speed machines. Al 
though this analysis has been limited to varnished cambric, 
there are many other coating applications for insulating 
materials that are understandable in terms of the same 
approach—for example, the enameling of wire 
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This last example points up clearly the effects of day-to- 
day operations on the properties of the magnet wire. Con- 
sider that, at startup time, the composition, viscosity and 
temperature of the enameling bath have been established 
accurately. After a period of operation, the temperature ol 
the bath will rise slightly due to the friction of the magnet 
wire and the movement of the guides. Furthermore, as the 
wire moves up through the varnish, it will drag up a mixture 
Due to the nature of such a system, 
the material which runs back is higher in solids. After a 


period of operation, the composition, viscosity and tempera 


of solids and solvent 


ture of the bath will have changed from their original state 
and, in fact, never reach a steady state. This means that the 
build-up of varnish during each pass through the bath differs 
and that speeds and drying temperatures must be adjusted 
to compensate for these deviations. 

It is conventional to add solvent to the bath whenever the 
viscosity or the film thickness rises beyond some predeter- 
mined point. This, of course, results in abrupt discontinuities 
in the enamel since all three bath factors are changed 
simultaneously—-composition, viscosity and temperature. The 
cycle is then repeated. 

The casting of insulation films resembles the coating of 
wire in that composition, viscosity and temperature tend to 
vary uncontrollably with time. The effects are even greater 
than simply variations in thickness and drying time, how 
ever; strains arise in the film due to differences in drying 
rates which yield products of different clarity and exten 
sibility. 

It would seem that, by carefully establishing the dynamic 
mechanical properties of coating and impregnating fluids at 
the conditions used commercially, rather than under condi- 
tions such as one has in Zahn cups, Saybolt viscometers and 
the like, one could expect the production of more uniformly 
prepared plastics insulating materials. One could also expect 
development of better impregnation techniques for cables, 
transformers and capacitors 


Thin-Film Capacitors 


Capacitors using thin plastics films as dielectrics have 
become increasingly important in the last twenty years be 
cause of their versatility. Those made from such low-loss, 
non-polar polymers as polystyrene have proved useful in 
high-frequency applications; others made from polar poly 
mers such as the polyesters are useful in power frequency 
applications. TFE fluorocarbon (Teflon) 


been fabricated for high temperature, low-loss uses. Patents 


capacitors have 


have been issued on cellulose triacetate film capacitors for 
operation at 125 C at power frequencies 

Another reason for the interest in plastics films is that they 
can often be cast or calendered into films thinner than paper, 
glass or mica; theoretically, they can, therefore. be assem- 
bled into capacitors having greater capacitance-to-volume 
ratios and capacitance-to-weight ratios than units made from 
the other dielectrics. 

Although satisfactory capacitors can be assembled from 
thin plastics films, certain problems arise which limit their 
use. Corona plays havoc with certain polymers in a way 
unknown to inorganic materials, particularly mica. This is 
so because many organic polymers contain atomic groups 
which are highly susceptible to ultraviolet irradiation ot 
electron bombardment. The corona starts at the edges of the 
electrodes or at pinhole tears in the foil; it usually cannot 
be repressed by the conventional edge-rolling techniques 

The capacitor engineer has found that, by filling or im- 
mersing the capacitor armature in oil or a casting-resin, he 
can reduce this corona effect appreciably. Among the mate- 
rials used for high-frequency capacitors is mineral oil, and 
for power-frequency capacitors, pentachlorodiphenyl. Such 
a system is interesting to an electrical analyst because of 


(1) the electrical stress patterns, (2) the intense fields that 
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can be sustained, and (3) the variety of capacitances avail- 
able by changing the chemistry of the films. The mechanical 
properties of these films are equally interesting in their effect 
on performance characteristics 

Consider the action of an a-c field on a thin plastics film 
The film is subject to alter- 
nating compression and release, the magnitude of which is 


acting as a capacitor dielectric. 


dependent upon the charge developed on the plates and the 
thickness of the film. When an electrical stress is applied to 
the film, a mechanical stress arises simultaneously; this, in 
turn, leads to a complex mechanical strain. It is said to be 
complex because it arises by means of a number of mecha- 
nisms. The primary and practically instantaneous strain 
arises from the bending of the bond angles along the polymer 
chain. Another mechanism involves the compression of the 
coiled polymer into a tighter spring. This is an inherently 
slower mechanism than the first one in that the neighboring 
molecules exert a strong resistive force. The final mechanism 
by which the plastic deforms under the action of the applied 
field arises from the actual slippage of one molecule past 
another into a new site. The first mechanism is usually 
perfectly elastic; the second may or may not be, depending 
on the temperature of the system; the final mechanism is 
totally inelastic and consequently non-recoverable. 

lo the design engineer acquainted with the theory of 
dielectrics (3), it will come as no surprise that, because 
there are three different mechanisms involving three different 
time-constants, the mechanical properties of the thin plastic 
in the capacitor are frequency-dependent. Just as the dielec- 
tric constant changes with frequency, and the dielectric loss 
factor passes through a maximum, the mechanical properties 
(such as the modulus of elasticity) increase with increasing 
frequency and the corresponding mechanical loss factor 
passes through a maximum 


The variation in the mechanical compliance of a plastic with 
temperature and frequency. 





The dynamic mechanical characteristics of a material de- 
scribe its deformation when subjected to a time-dependent 
stress. Dynamic loading occurs in rapid impact, at starting 
or stopping, and under vibration. The behavior of a material 
subjected to such conditions cannot, in general, be predicted 
from its static properties. 

A material under a periodic stress of sinusoidal form will 
deform at the same frequency but out of phase with the 
applied stress. The strain may be considered to be divided 
into a component in phase with the stress (o’) or a com- 
ponent 90 deg out of phase (described by o”). A complete 
dynamic mechanical description of a material then entails 
a knowledge of o’ and o” at ail temperatures and frequen- 
cies. Physically, oc’ is a measure of elastic or stored energy 
per cycle, while o” measures the inelastic or dissipated 
energy. The ratio o’/o” is termed the mechanical damping 
or dissipation factor. 

A viscoelastic material under stress will deform at the 
same frequency, but out of phase with the applied stress 
All this may be visualized in the Voight mechanism of per 
fect springs and dashpots. The first mechanism involves a 
spring associated with a very small dashpot of very low 
viscosity. The second consists of a spring with a dashpot of 
moderate viscosity. Finally, the third is a spring having a 
dashpot of very high viscosity. 

It was mentioned earlier in this analysis that the mecha 
nism by which strains arise in a plastic involves the tighten 
ing of the polymer “coil” and that the mechanism is 
dependent upon the temperature. The rate at which the 
“coil” tightens may be stated as 


» = ae V/aT 


where W is the activation energy of the process, K is the 
Boltzmann constant, T is the absolute temperature, and 
a the proportionality constant. In itself, a is essentially a 
function of molecular structure. This equation is based on 
the concept that, statistically, the number of molecules N 
which will coil at any temperature is that fraction of the 


The variation of the mechanical loss angle of a plastic with 
temperature and frequency. 


given by 
N NeW IKT 


total number AN 


This analysis of thin-film capacitors suggests the strong 
interest which a design engineer contemplating the use of 
assembly should show toward their 


plastics in any a-c 
It is perfectly possible to develop a 


mechanical properties 
plastic which would have exceptional dielectric properties 
but which would be totally unsuitable as an insulator because 
it would fracture mechanically at the operational frequency 
of the system. Such an effect may be the real reason that 
many materials have much higher d-c breakdown voltages 
than a-c breakdown voltages, rather than the usual reason 
which is advanced—namely, power-factor heating. 

Certainly, in the case of transformer and wire insulation, 
the factor of mechanical stressing which arises from the 


application of sinusoidal voltages to the windings must be 


seriously considered by the design engineer. 


The Effect of Molding on Mechanical Properties 


Molding processes are at the heart of fabrication of all 
plastics insulation materials and systems. In any molding 
operation, heat and pressure are applied to 4 material, caus- 
ing flow. This movement of the material usually involves 
compression and transport. The compressive action leads to 
the formation of a dense object; the transport phenomenon 
results in the material's accepting the shape of the mold 
Neither action results in any chemical transformation, but 
the molding operation obviously leads to the generation of 
strains in the molding and appreciably affects the mechan 
ical properties of the item. 

There are three factors that play a significant role in the 
(1) the 
(2) the chemical transforma 


mechanical properties of molded or extruded items: 
orientation of the molecules, 
tion of the plastic, and (3) the density 

The first, orientation, is very similar to the effect one finds 
in paper making. There, the geometry of the fiber, the rela- 
tive speeds of the process, and the mechanical agitation of 
the system determine anisotropic or directional properties 
in the paper sheet. When, for example, a polyethylene sheath 
is extruded around copper conductors, the molecules are not 
all oriented in the same direction throughout the section. 
This results in microscopic strains. The material on the sur- 
face of the sheath is directed radially; part way to the 
conductor, the molecules are oriented randomly; near the 
conductor, they lie tangentially. If this same extrusion is 
examined longitudinally. the molecules are found to be 
oriented parallel to the conductor. This heterogeneous order- 
ing of the molecules results in minute fissures, usually called 
stress cracks. By speeding up the extrusion process, the 
microscopic radial orientation at the periphery of the cable 
is apparently reduced and the amount of stress cracking 
decreased. 

The chemical transformations that occur in plastics at the 
elevated temperatures and pressures required for molding 
or extrusion frequently lead to chemical interaction of adja- 
cent molecules (cross-linking) or intramolecular changes 
(degradation) .(4) The best opinion today is that gelation 
of the polyethylene occurs during the extrusion process. 
That the material continues to possess the same viscosity is 
thought to be due to simultaneous degradation of the polymer 
chains. 

The density of a plastic is a measure of the number and 
mass of the molecules compressed in a given volume 

This is true only when the material is totally free of air 
or other diluents. When extraneous materials are present, 
the density of the product is dependent upon the product 
of the volume fraction of each component and its individual 
characteristic. Because the densities of plasticizers are fre 
quently higher than those of the plastics to which they are 
added, the density of a plasticized polymer is greater than 
the basic polymer. 
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In general, such hydrocarbons as polyethylene and poly- 
propylene are least dense, while the chlorinated compounds 
are the most dense of the plastics. Within a given class of 
plastics (for example, the polyethylenes) an increase in 
density usually results in an increase in modulus of elasticity. 
This can be seen in the following: 


Modulus of 


elasticity, psi 


Elongation, 


Density per cent 


Low-density poly- 
ethylene 

Medium-density poly- 
ethylene 

High-density poly 
ethylene 


0.912 0.925 14-38 x 10 100-700 


0.926-0.941 35-90 * 10 200-500 


0.942-0.965 85-160 kK 10° 10-300 

It can also be seen that, the denser the material, the less 
the plastic stretches or elongates before rupture, 

The density of a plastic decreases with increasing tem- 
perature. Microscopically, this may be thought of as arising 
from increased agitation of the chain segments accompanied 
by increased disorder in the arrangement of the molecules. 

This analysis of molding and extrusion operations indi- 
cates strongly the opportunities available for the molecular 
engineering of insulation materials and other plastics. By 
judicious control and variation of the chemistry and physics 
of the material, we can produce materials having highly 
directional rigid properties, relatively soft isotropic bodies, 
or intermediate characteristics. 


Effect of Shock and Vibration 


Each of the examples presented in the previous analyses 
dealt with materials used primarily for electrical insulating 
or dielectric functions. There are other applications (where 
these functions are secondary) which also warrant discus- 
sion. Such is the case in missiles and aircraft, where the 
components either fracture or fail to operate if not mechan- 
ically insulated from the shocks and vibrations to which the 
system is subject. 

Maloperation or the failure of an equipment to continue 
to perform its principal function during or after a vibration 
or during or after a shock is most common.(5) In many 
instances, the equipment is not damaged in a mechanical 
sense, but the relative motion of the component parts sensi 
tive to position is affected. After the disturbance ceases, 
operations revert to normal. Plug-in units and printed cir 


cuits are particularly vulnerable to intermittent failures 


This is 


where stray transient pulses may generate incorrect answers 


particularly objectionable in computer circuits, 

A mechanical shock is characterized by significant changes 
of stress, position, acceleration, velocity or displacement in 
relatively short periods of time. The reaction of a structure 
to a shock is called the response of the structure, Stress-and- 
strain response are of most significance from the strength-of- 
materials viewpoint; relative displacement response must be 
determined for clearance considerations. 

While a mathematical analysis may be developed similar 
to that which was done for thin-film capacitors, it is not too 
practical a procedure at this time. This is because shock and 
vibration waveforms are neither standardized nor predictable 
and many simplifications must therefore be introduced. The 
design engineer may therefore find it more useful to have 
recourse to some of the raw data on the effect of shock and 
vibration on present equipment. 

As a result of an extensive test program conducted at the 
U. S. Naval Research Laboratory (5), a number of gener- 
alizations about the ruggedness of electronic systems were 
obtained. Capacitors and cable connectors have very high 
resistance to damage. Wiring failures rank high in total 
damage in equipments. Excessive flexibility in structural 
design is detrimental to good wiring because of tearing ot 
Solid-conductor 
wiring and plastics cable clamps are not desirable. Brittle 


increased fatiguing of the wiring system. 


load-bearing materials should not be used if other materials 
can be found that are suitable. 
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Vigness (5) teaches the following principles: 


1. Shock- and vibration-resistant equipment should 
stiffness and small dimensions 


feature 
lightness, 
2. The lightness, of course, must not be inconsistent with 
strength requirements. 
3. The stiffness implies that distortion and relative motions of 
an equipment will be small and their frequencies will be high. 
4. Small dimensions make it easier to obtain stiff and suf- 
ficiently strong structures. 
5. Miniaturized components have greater inherent ruggeaness 


than larger components, 


Little damage or malfunction is caused by noise levels 
below 100 db. Vibration beginning at this level may excite 
control panels so that they oscillate at considerable ampli- 
tudes at their resonant frequencies. Items mounted on ex- 
posed panels may therefore be affected severely at these 
frequencies. The most disturbing factor is the great increase 
in electronic noise, not catastrophic failure. Aircraft panel 
surfaces are destroyed within a few minutes at levels higher 
than 160 db. 

In missiles, the sudden application of thrust on the initia- 
tion of the last stage of burning represents a dramatic 
example of a shock condition. The steady acceleration may 
amount to 30 to 50 g. Other shocks arise from the ignitor, 
rough burning and cut-off. It is difficult for a design engineer 
to obtain accurate test data on environmental conditions of 
such missiles because they have not been established. In lieu 
of this, certain practical test specifications have been estab- 
lished, and materials, components and light electronic sys- 
tems evaluated from this posture.(5) 

These tests are somewhat generalized for optimum design 
use, but they reflect the state of the science at this time. 
This situation explains why it is possible to speak of the 
“modulus and damping characteristics” of plastics as if they 
were intrinsic properties, when we know that they are, in 
fact, the responses of a given material at definite environ- 
mental conditions. A more fundamental approach is clearly 
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The variation of modulus of elasticity of a plastic with temp- 
erature and plasticizer content. 





needed to reduce (if not eliminate) the present Edisonian 
testing of plastics. 


Summary 


The significance of the dynamic mechanical properties of 
plastics in relation to their dielectric functions was dis- 
cussed and analyzed from the standpoint of (1) the molec- 
ular characteristics of these substances, and (2) perform- 
ance behavior of fabricated electrical insulation materials 
and insulation systems. 

The application of these considerations is far from being 
limited to the use of plastics as dielectric materials. The 
implications are equally broad and profound in the area of 
plastics for mechanical and structural components and de- 
vices. In these areas the dynamic approach to the study of 
mechanical characteristics appears to offer the only valid 
basis for realistic engineering specification. 

Still another aspect of this subject is extremely important 
to designers of materials-processing and fabricating machin 
ery and equipment: as already indicated in this discussion, 
the ultimate properties of materials are not only the function 


of inherent molecular, physical and chemical parameters 
but are also imposed by the nature and characteristics of the 
processing machines and associated techniques. The rapidly 
moving trend to fully automated materials processes, as in 
paper-making, reflects the growing acceptance of this con- 
cept. 
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Dielectric-Mechanical Considerations in Thermoplastic Recording Tape 


{ DRAMATIC EXAMPLE of the simultaneous the molecules is 
requirements for functional dielectric and 
mechanical properties in a plastics ma- 
terial is demonstrated in the thermoplastic 
recording tape (TPR) announced earlier 
this year by the General Electric Research 
Laboratory. The tape consists of three 
layers: (1) high-melting base film similar 
to that used in standard motion-picture puzzle 
film; (2) on top of this, a transparent con- 
ducting layer: and (3) on the surface of 
this layer, a thin coating of a lower-melting 
thermoplastic 


abrupt change of 


is imposed on the outer coating by means 
of an electron beam in accordance with 
the information to be stored. The tape is 
then heated to the melting point of the 
thermoplastic ; 


much as 100 
phenomenon 
electrostatic forces between 
the charges on the film and the ground 
plane depress the surface where the charges 
occur until these forces are in equilibrium 
with the surface-tension-restoring forces tensile strength 
melting point and the deformations will be 
frozen into the surface. 

The time required for the deformations 
to form depends on the viscosity of the 
film when it is melted, but is usually of the 
order of a few milliseconds. To erase the 
film, the charge pattern must be discharged 
by heating the thermoplastic film well 
above its melting point so that its con 
ductivity will increase. Surface tension 
will then smooth out the deformations and pliant at 
the film is ready for reuse. 

There are a number of phenomena re- 
lating to the mechanical properties of 


to practice. Three of these are of major 


importance; namely, the melting point, 


disorderly 
melting point, the material is thought to 


each possesses less thermal energy, is less 


to its neighbors, and 


Melting (in the conventional sense of an 
solid into a liquid) 
seldom occurs in plastics. Polyethylene is 
material. A charge pattern one of the few exceptions, A much more 
common effect is the gradual softening of 
a plastic over a temperature range of as 
degrees. This 
a change in the The “yield value” 
rheological properties of the polymer; it 


involves 


modulus of elasticity, an increase in pene 
tration and elongation, 


While 
The film can now be cooled below its of molecular structure 
teraction is the same in softening as in ing 
melting, there are dynamic overtones which 
are important to the design engineer 

The melting point of a plastic is not 
necessarily the temperature at which it 
softens or becomes fluid. Cross-linked or 
irradiated polyethylene 
even at elevated temperatures, but one of 
its varieties has a melting point of 106 C. ment 
Again, glassy plastics like polystyrene are 
temperatures 
true melting points. Because of these ap- 
parent anomalies, it is important to define 


fore capable of undergoing a change in 


Below the case of thermosetting resins, a rise in 
temperature causes an irreparable chang: 


consist of the same molecules, except that in the material by transforming it into a 


permanent gel. 


prone to agitation, is more closely bonded An analysis of the thermoplastic re 
is fitted into a cell 
formed by the shapes of its neighbors in a 
way similar to that of 


cording-tape system indicates elegant in 
mechani 
The plastic ‘ 


film must be sufficiently low in conduc 


terrelationships of the dielectric, 
jig-saw piece in a cal and chemical properties 


tivity to permit the charge to remain in the 
deposit area; any leakage of charge would 
result in a lowered image definition. The 
quantity of charge and the thickness of 
the film must be sufficiently high and low, 
respectively, to produce a stress capable 
softening of distorting or squeezing the thermoplasti« 
(yield point) must be 


low, or the material would otherwise net 


entails a lowering of viscosity, a drop in move except at exceptionally high charge 


densities. The viscosity must also become 
and a drop in low if the recorded “ripple” pattern is & 
the contribution form quickly 


and molecular in Thermoplastic recording media are be 


intensively (though quietly!) re 
searched in a number of important lab 
oratories. Many problems generic to plas 
tics compounds are being encountered and 
the problems are likely to build up as the 
work develops. Since the physical form is a 
does not liquify tape structure, faults and fissures may 
arise from stress cracking, the embrittle 
which comes with age, and the 
plasticizer volatilization. There also are the 
far below their problems of cross-linking, conducting paths 
and coloration when radiation impinges on 


polymers. While each of these is a prob 


the melting point of a substance strictly; lem associated with the use of plastics in 
plastics which arose in reducing this idea it is the temperature at which a solid is any application, they are intensified in 


in equilibrium with its liquid and _ there- 


this particular one. Thermoplastic memo 


ries actually depend for their functioning 


the viscosity range, and the static stress heat content isothermally. on their capability of being “reworked” 


The limits of resolution, process speed, and 
shelf life are governed by these properties. 

The melting point of a material is en 
visioned as that temperature above which 
the forces tending to crystallize the ma- 
terial are destroyed; the arrangement of 


The viscosity of the plastic (as explained 
elsewhere in this article) is dependent 
upon the temperature and the rate of ap 
plication of the shear stress. An increase 
in the temperature invariably reduces the 
viscosity of a thermoplastic material; in the 


on being heated to high temperatures, and 
on being wound and unwound rapidly, 
but thermoplastics often do not “rework” 
as easily as desired in a given application 
Long-wear and shelf-life characteristics may 
well offer serious scientific challenges 
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Ultrathin Dielectric Films 


1 survey of developments, both in Europe 


and in the United States, in the mate- 


rials and techniques used in depositing thin 
dielectric films for capacitors as well as for 


insulation purposes. 


J. H. BRUCE and J. R. BALMER 
Rovat Raparg EstastisumMent 
Malvern, England 


lo meet the demands of modern equipment, new com- 
ponents of minimum dimensions and maximum efficiency 
are constantly being sought. The flat, thin-film component 
is at present perhaps the most promising approach to the 
problem as a whole, though many technical difficulties 
have still to be overcome. (1, 2)* The properties of thin- 
film magnetic storage units are well-known and resistive 
films have been in use for some time. Only recently, 
however, have dielectric films become available for ca- 
pacitors and for providing necessary insulation in other 
parts of the circuit. On first thought, it would seem 
strange that dielectric films have been the most recent 
to be developed since films of such materials have been 
in use for many years for optical purposes under condi- 
tions in which their stability and reliability are essential 
characteristics. However, as will be shown here, the 
difficulties involved in the use of dielectric films for 
electrical purposes are very great. It is only within the 
last few years that successful capacitors have been made 
either by direct evaporation or sputtering, or by the 
drying out of anodic films. 

Present-day circuits, dominated by the use of tran- 
sistors, demand the availability of very small amounts of 
energy to operate auxiliary circuits. Capacitors that are 
likely to be used in computers, for instance, must dis- 
charge energy of some 10° joules, which would require 
something like the discharge of a 1 yf capacitor at 1 volt 
or a 0.1 pf capacitor at 3 volts. 

Types of Films. Films made of normal capacitor 
electrolytes have been found to be unsuitable owing to 
the long time of discharge caused by the passage of ions 
through the solution. This difficulty may be overcome by 
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careful drying of the film and the application of a suit- 
able counter electrode, but if the latter is not of metal, 
the resistance is still high. Although the time constant 
can be greatly improved, the limiting frequency is never- 
theless restricted to about 10° cps or less. A normal 
anodic film on tantalum (permittivity 22.0) provides, 
after suitable treatment, a promising approach to large- 
capacity units. This type is being actively studied in many 
laboratories. 

Despite the fact that it has some advantages, the elec- 
trolytic film suffers from a serious limitation. It can be 
used only with metals which can be protectively anodized. 
Two of these are aluminum and tantalum and there are 
others, including Nb, Hf and Zr, whose possibilities have 
not been fully explored. (Titanium, for this purpose, 
presents prohibitive difficulties. ) 

Another type of thin dielectric film is the plastic film. 
Plastic films have been prepared as thin as 2 microns. 
They are in use in experimental miniature capacitors in 
Germany. However, their inherently low permittivity 
offsets their very high electric strength, even if a sufh- 
ciently thin film is realized. In addition, difficulties in 
manipulation limit the development of suitable films. 

Recent work in the United States has shown the 
possibility of depositing tantalum and niobium oxide 
from dilute solutions of their alcoholates. However, this 
process is also specialized and very serious difficulties 
remain to be overcome in its application. 

The most generally used approach appears to be either 
vacuum deposition or sputtering—more particularly, re- 
active sputtering. The design of production equipment 
for carrying out such processes follows standard indus- 
trial practice, since it has been used for metallic films 
and optical films. Such equipment is well adapted to the 
deposition of films of the proper thickness; it is applic- 
able to a wide variety of materials of various permittivi- 
ties. It can also be applied to the deposition of mixed 
films under controlled conditions. Some technical diffi- 
culties must be overcome, however, before the methods 
originally developed for optical films can be applied to 
the preparation of dielectric films. Such problems are 
connected with (1) the processes of dissociation and 
recombination and their relation to the final film com- 
position, (2) the initial processes of deposition which 
affect adhesion and minimum thickness, (3) the stresses 
developed in the films, and (4) the nature of the sub- 
strate. 

To solve these problems, it is necessary to control and, 


* Ital numerals in parentheses refer to Cited References at end of article. 
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Properties of Materials for Thin Fiums 


Possible 
reduction 


Boiling or evaporation point 
Material at 10°? mm Hg pressure, deg C 


siO 1300 SiO + 0 
SiO, >1700 siO0 +O 
MgF 1400 Mg +F 
ZnS 1200 Zn + 
Cryolite 1000 
Al, F,NaF) 


therefore, to measure evaporation rate, film thickness, 
mechanical stresses, porosity and chemical composition. 
It is to these ends that research in England is mainly 
directed. (1) To achieve the required properties, it may 
be necessary to evaporate simultaneously materials of 
different physical properties from separate boats. 

Materials for Deposition. If a material is to provide 
a useful film, it must be \capable of evaporation at a 
reasonable temperature for the apparatus available; it 
should form a coherent film, free of pinholes and craz- 
ing; and it should not dissociate during evaporation 
into a material of unsuitable composition (usually a re- 
duced form) or, if it should dissociate, it should be 
possible to reform it by subsequent heat treatment. 

The materials on which most experimental work has 
been done to date are magnesium fluoride, silicon mo- 
noxide, and zinc sulfide. The properties of these materials 
(and some others for comparison) are given in the ac- 
companying table. In addition to these materials, work 
has been done by Hanlein (2) on borosilicate and lead 
glasses of much higher permittivity. An equipment has 
been developed in which the glass is deposited, by 
evaporation of the oxides from separate crucibles, on a 
continuously moving roll of aluminum foil. Experiments 
have also been conducted on the evaporation of a number 
of other potentially useful materials—SiO., TiO., MgTiO 
and BaTiO,. (3) 

@ Silicon Monoxide. Silicon monoxide has long been 
used to form protective films in the optical industry. Its 
exact composition is uncertain. It may be regarded as con- 
sisting of an intimate mixture, probably on a molecular 
scale, of silicon and silica (SiO.,) in equal portions. The 
films obtained are often yellowish or brown in color. 
which may be due to excessive reduction (giving rise 
to free silicon) or to the presence of additional impuri- 
ties. (The addition of phosphate additives, for instance, 
may intensify the discoloration.) Silicon monoxide may 
be evaporated either from resublimed lump SiO or from 
an intimate mixture of SiO, and silicon using a molybde- 
num crucible at about 1400 C. In this case, single-crucible 
evaporation may be used. Rapid evaporation gives dense 
films showing signs of some reduction. Slow evaporation 
(15A/sec or less) gives the best oxidized but rather 
porous films. 

The addition of borates, which should be done from a 
separate crucible heated to a considerably lower tempera- 
ture (about 1000 C), has been found to give apparently 
well-oxidized films almost free of discoloration. 

Silicon monoxide films are deposited under compres- 
sive stress so that increasing thickness may cause fhe 
film to separate from the substrate, but will not in itself 
cause crazing of the type found in magnesium fluoride 
films. Crazing is greatly accentuated if improper or 
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inadequate cleaning is applied to the substrate. Results 
can be improved by preliminary vapor degreasing of the 
glass substrate (using isopropyl alcohol), followed by 


ionic bombardment at 300 C, 

These films have a permittivity of approximately 5.0 
and a loss factor of 1.0 * 10° at 1500 cps, correspond. 
ingly better at 1 me. Initial breakdown, apart from a very 
few isolated discharges, does not occur below about 100 
volts for a 1-micron film. However, the chance of a com- 
plete open circuit, corresponding to burning out of the 
electrodes, is not usually serious up to about 250-300 
volts. It is clear that the intrinsic strength of the material 
is even greater. It may be noted that aluminum elec- 
trodes give much better results than any others. This 
is due to the possibility of self-healing in the presence 
of atmospheric oxygen, though the low vaporization tem- 
perature may also help by allowing complete clearance 
if a spark occurs. e 

It is necessary to draw a distinction between the leak- 
age current under atmospheric conditions and that meas 
ured under a moderate vacuum (0.2 to 0.3 mm). (See 
Fig. 1.) Under ordinary conditions, the current varies 
rapidly with the voltage, so that there is no true value 
for the resistivity of the film. Typical values, however, 
would suggest currents up to 50 & 10° amp per sq cm 
at 100 volts, the current doubling for an increase of 
approximately 10 volts on a l-micron film. Under 
vacuum, the current falls to a much lower value and 
varies approximately ohmically with the voltage. It is 
no longer possible to use a galvanometer to measure the 
current. Other means (such as a quadrant electrometer 
or a “Vibron”) must be adopted 

The difference in resistivity under atmospheric con 
ditions and in a vacuum may be attributed to the removal 
of ions which are considered to contribute greatly to the 
conduction of even slightly moist films, giving rise to 
an exponential dependence on voltage. It is worth noting 
that. while there is no appreciable variation in the loss 
factor with degree of vacuum at high frequencies, there 
is a great dependency at frequencies below 1500 cps 

It would obviously be very desirable to produce high 
resistivities in practical films, not only because of the 
better electrical characteristic, but because ionic transfer 
is necessarily a contributory cause of breakdown. So far, 
no success has been obtained in achieving protection 
equivalent to evacuation by using water-repellent oils 
or greases, (4) 

If we accept, however, these limitations on the silicon 
monoxide film, it does show great promise. Hoeckelmann, 
Hoornstra and Yang (4) have shown that it retains good 
dielectric properties up to 250 C, and that a degree of 
sealing is possible which permits storage and heat cycling 
over prolonged periods. 

@ Silica. Attempts to evaporate SiO 


very successful. The evaporation temperature is relatively 


have not been 


high and the discoloration is evidence of considerable 
decomposition. Evaporated films have shown poor elec 
trical properties. Work has been reported on films pre 
pared from silicon by reactive sputtering in an oxygen 
rich argon atmosphere. The deposition rate is kept 
slow so that only films of about 0.2 micron thickness 
have been realized. These films snow considerably better 
breakdown properties than the films so far made by 
evaporation. 

@ Magnesium Fluoride. Unlike silicon monoxide, mag 
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nesium fluoride (MgF) has a definite chemical compo- 
sition and crystalline form. It is an ionic crystal and is 
deposited in tensile stress. Accordingly, as the film thick- 
ness is increased, it tends to craze, although there is no 
great tendency to part from the substrate. (5) For 
evaporated films, the permittivity is approximately 5.0. 
Nevertheless, due to its low evaporation temperature, 
MeF has been used for capacitors in evaporated circuits. 
The extent of stability of such units, however, has not 
been established. 

@ Zinc Sulfide (ZnS). This material is largely used in 
the optical industry for lens blooming, but its use as a 
dielectric has been limited by its semiconducting proper- 
ties. However, quite surprising promise has been shown 
for dielectric films. The definite chemical composition is 
an asset for experimental work. Zinc sulfide is readily 
evaporated at quite low temperatures. The films are 
normally in compressive stress, though this changes to 
slight tensile stress above 100 C. Consequently, it is easy 
to deposit quite thick layers. 

The resistance of a zinc sulfide film is high, though 
not as high as silicon monoxide. It has been found that 
the resittance is dependent on the electrode material, 
aluminum giving a high resistance while gold and copper 
give a relatively low resistance. In all cases, however, the 
permittivity is the same even at frequencies as low as 
1000 cycles, and at radio frequencies a value of 7.0 with 
a very low loss can be obtained. 

Recent sulfide have been 
carried out under strict vacuum conditions. Films have 


experiments with zinc 


been obtained which show a higher resistivity (approx- 
imately 10'* ohms per cm) than was previously obtained. 
Breakdown, moreover, does not occur until a stress of 
some 270 volts per micron is reached. These films are 
also described as being more stable in air than previous 
ones, (0) 

It is evident, therefore, that the normal semiconduct- 
ing properties of zinc sulfide are not really characteristic 
of the material and that the process of vacuum de- 
position is successful in minimizing the effects of con- 
tamination, 

@ Cryolite. Cryolite has a low permittivity value (ap- 
proximately 6.0) but it also has a low evaporation tem- 
perature. It has a well-defined crystal structure. The 
breakdown strength with an alumina electrode is approxi- 
mately 1 mv per cm even for films as thin as 400 A. 

@ Other Materials. As previously mentioned, borosilic- 
ate and lead silicate glasses have been continuously coated 
on aluminum foil. As a dielectric, the lead silicate film 
has a permittivity as high as 20. The breakdown strength 
is highest for borosilicate, being 600 volts for 4 microns. 
The films are described as tough and flexible. The pro- 
cess, however, has not yet been applied to the making 
of practical capacitors. (2) 

The true high-K materials, based on titania (TiO,) 
and its derivatives such as barium titanate, have so far 
resisted attempts to deposit them. Titania is very liable 
to reduction with increased temperature and at reduced 
pressures. In such cases, it becomes a semiconductor, 
blue titania. This effect persists in the derivatives, but 
it has been possible, by using suitable additives, to im- 
prove the performance of these materials greatly in the 
ceramic form. 

The preparation of titanate films, even without stabiliz- 


ing additives, is a difficult process. (3) This is partly due 
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Fig. | — Leakage current vs applied voltage for SiO film. 


to the refractory nature of the material and partly to the 
tendency to reduce and dissociate. Such films have been 
successfully deposited, however, and it has been shown 
that they retain the “ferroelectric” properties for which 
they are noted. 

Mention should be made also of the possible prepar- 
ation of tantalum oxide films by reactive sputtering. It 
has been possible to deposit layers 0.1 to 0.2 microns 
thick with a capacity of 0.15 pf per sq cm. These units 
were relatively free of short circuits. Many problems 
remain to be solved, however, before this material can 
be considered successful. 

Future Problems. It has been shown that capacitors 
having useful properties can be made using evaporated 
thin films. It is clear, however, that a number of problems 
must be solved. Notable among these are protection and 
interconnection. Although vacuum encapsulation pro- 
vides a complete (perhaps the only really complete) form 
of protection, it is considerably uneconomical in terms 
of space and effort when applied to a single film. How- 
ever, since most film capacitors are parts of larger sub- 
assemblies, there are methods of protection which may 
well be applicable. In the special case of very high- 
capacity units with special properties of rapid discharge, 
the extra cost of separate protection might well be justi- 
fied. 

If it were to prove possible (it is certainly feasible in 
theory) to produce stacked evaporated capacitor units 
similar to the commonly used multilayer infrared filters, 
the attainable capacity values could be correspondingly 
increased. The combination of this process with the suc- 
cessful deposition of stable high-K films capable of with- 
standing substantial voltages would permit the realization 
of values of many microfarads and the units would be 
capable of discharge in a fraction of a microsecond. 

O00 
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Problems and Trends in 


Electrical Insulation Application 


An analysis based on a survey of speakers 
at the technical programs of the National 
Conference on the Application of Electrical 


Insulation. 


TECHNICAL MEETINGS are growing in number and fre 
others 
A certain amount of overlap 


quency. Many of them tend to be broad in scope; 
are severely specialized. 
and duplication in program content is all too common 
To the design engineer, it is therefore important to 
evaluate any given meeting in terms of actual impact 
on his day-to-day problems. This is particularly true in 
respect to a new technical meeting in the field. The in 
formal discussions, the nature of problems that come 
to the forefront, the trends in research and application 
that are emphasized—all these elements may offer the 
engineer contributions at least as significant and useful 
as the technical program itself. 

The keen interest that had 
organization in 1958 of the National Conference on 
Electrical Insulation (co-sponsored by AIEE and NEMA) 
and the heavy attendance at its annual meetings have 


been aroused by the 


prompted this review of its impact on the design engineer. 
The basis of this review is a field survey conducted 
among the authors of the technical papers at the first 
two annual conferences (1958 and 1959) and _ those 
scheduled to give papers at this year’s conference 
(December 5-8, Conrad Hilton Hotel, Chicago). 

{ rundown of the questions and a consensus of the 
replies follows: 


1. What specific trends were in evidence at the NCAE] 
conferences? 


a. High-temperature insulation is very much to the fore 
(At the 1959 Conference, some 70 per cent of the papers 
dealt with this problem.) A steadily growing interest is 
noted in encapsulating and impregnating compounds and in 
elastomeric materials. There is a continuing strong trend to 
functional evaluation of insulation systems 

b. Other than the continuing search for and experimenta 
tion in ultra-high temperature (500 C) materials, the em 
phasis seems to be on improvement and modification of 
existing insulations, particularly in the direction of composite 
materials 
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c. There is evidence of the application of scientife prin 
ciples and designed experimentation in the search for opti 
mum values in practical design work. Also noted is interest 
in life testing of insulation systems and in working insulat 
ing materials “harder” and closer to limits of capabilities 

d. There is a trend to consolidation of developments, the 
re-examination of research and application work of the past 
few years, the application of rigorous methodical testing to 
uncertain areas that have been “leapfrogged” by the swift 


pace ot previous activity 


2. What problem areas dominate the field of electrical 
insulation? Which need the most study and investigation 
at (A) the research level, (B) the standardization level, 
and (C) the application level? 


\. On the research level, the following problem areas are 
noted 
i. improvement in high-temperature iterials also in 
low-temperature materials 
moisture-resistance studies 
corona-resistance studies 
long-term deterioration effects under stress 
properties in liquid and gaseous insulation and 
dielectrics 
films and film-coated materials 
materials able to withstand unusual ambient conditions 
investigation of causes and mechanisms of dielectric 
failure 
improved tracking resistance 
). nuclear-radiation resistance 
k. high-frequency dielectric properties 
|. development of inorganic laminates 
Research needs in wire and cable are noted in a number 
of comments. There is a need for the miniaturization of wire 
without sacrifice of cut through resistance Also needed i* 
wire with better flex life at soldered connections. And, as 
usual, there is a need for magnet wire for ultra-high tem 
perature systems 
Somewhat surprising, from participants in an “applica 
tions” conference, is the comment from several sources that 
there is a need for a better understanding of fundamental 
phenomena of insulating materials. Basic work on the 
mechanisms of dielectric breakdown in heterogeneous mate 
rials is noted as at least one problem area of importance 
B. On the standardization level, the problem aveas are 
seen as follows 
better definition of classes of insulation 
tests, performance and procurement documents 
evaluation of existing and new functional tests and 
correlation with service experience 
need to standardize tests that would be cognizant of 
impurities; present standards deal primarily with bulk 
properties, but impurities and defects are actually the 
limiting factors in many cases 


upgrading of MII 


age factor at soldered joints 


specifications—-for example, break 


for evaluation need 


definitions are needed: procedure « 
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to be spelled out; end points must be established 

g. corona measurement and control; continuous improve 

ment in functional tests. 

Recurrently, the point is made that standardization of test 
procedures must have a realistic relationship to ultimate 
service conditions. It is felt that, in too many instances, 
existing tests are tao subjective and do not take into con- 
sideration all functional aspects of the system. Lack of 
suitable test procedures is “actually hampering application 
of research development.” 

C. On the application level, there is no clear-cut delinea- 
tion of problem areas. In most instances the “application” 
problems are functions of the problems on the research level 
ind the specification and test methods level. As one respond- 
ent said: “Continuous study is needed in all three problem 
areas (research, specifications, application). We tend to 
forget that no user specifies and buys insulation for insula- 
tion’s sake. We use it for its functional value, and we have 
only limited knowledge of the behavior of insulation under 
such conditions as aging, high temperatures, adverse environ- 


mental and operation conditions, transient and prolonged 
voltage stresses.” 


3. What important problems seem to be neglected? 


The answers to this question (as could have been ex 
pected) showed a wide diversity. Obviously, each respondent 
was concerned with some problem that was of great im- 
portance to him and that he felt was being generally 


neglected. Typical of such specialized considerations were 


Research Highlights in 


the following problem areas: 
a. microwave dielectrics study 
b. behavior of insulation under pulse conditions 
c. better definitions of fundamental physical properties 


d stucic of the eflect of process variables. 


4. What about the overall impact of the National Con- 
ference on Application of Electrical Insulation? 


Probably it would be fair to say the overall consensus is 
favorable, particularly so as the level of the technical pro- 
gram has shown a steadily rising curve of improvement year 
by year. The Conference is seen as filling its best function 
by (1) stressing application or design considerations and 
(2) providing a forum for technical interchange of informa- 
tion and discussion of problem areas between materials 
specialist and producer and the equipment and systems de- 
sign engineer. It leaves to organizations such as the National 
Academy of Sciences-National Research Council Conference 
on Electrical Insulation, the Insulation Division of the Elec- 
trochemical Society, the AIEE insulation sessions, and the 
SPE insulation sessions the coverage of their own specialized 
areas such as basic research. 


@ A summary of the complete technical program of 
the 1960 Conference appears on the reverse side of the 
foldout table, “Representative Flexible and Semi-Rigid 
Materials for Electrical Insulation Systems,” appearing 
elsewhere in this Section. OOO 


Capacitor Dielectrics 


MANY NEW DEVELOPMENTS in the highly important and 
rapidly changing field of capacitor dielectrics were dis- 
cussed at the annual meeting of the Electrochemical 
Society in Chicago in May 1960. Seven sessions in all 
were devoted to electrical insulation. Several of the papers 
dealing with capacitor research are abstracted here for 
reference purposes. 


e “Determination of the Thickness of Thin Porous 
Aluminum,” M. S. Hunter and P. F. 
Towner, Alcoa Research Laboratories 


Oxide Films on 


Oxide films on aluminum may be considered to con- 
sist of two layers, although they are not actually separate 
and distinct. The barrier layer is almost always thin, 
seldom exceeding a few millionths of an inch in thick- 
ness. The porous layer varies from a thickness of a few 
Angstroms (in the case of natural films formed under 
dry condition) to as much as 2 to 5 mils (in the case of 
certain anodically formed films). Although the two films 
cannot be physically separated, the thickness of the in- 
dividual layers is important in determining the charac- 
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teristics and behavior of the oxide coating. The barrier 
layer is capable of electrolytic rectification and the porous 
layer offers practically no opposition to current flow in 
either direction. This difference in electrical behavior 
can be used directly in the measurement of the thickness 
of the barrier layer and indirectly in the measurement 
of the thickness of the porous layer. 

Depending on the total thickness of the film, the two 
thicknesses may be measured either with a light micro- 
scope, by determining interference colors and comparing 
with step gages, by interferometry, or, in the case of 
extremely thin films (below 500 A), by a special method 
described in this paper. In all cases, however, the thick- 
ness of the barrier layer is actually measured and then 
subtracted from the total thickness of the film to deter- 
mine the porous layer. 

The special method makes use of the fact that films 
of a given thickness have a characteristic interference 
color and that it is possible to produce precisely-con- 
trolled oxide films by anodic action. The measurement 
is accomplished by stripping the film from a portion of 
the specimen, applying an appropriate barrier film to 
the entire specimen, and comparing the interference 
colors of the stripped and unstripped regions. The method 
has been used in measuring films of a variety of types, 
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including alpha-monohydrate films on aluminum and 
films formed by concentrated nitric acid at room tem- 
perature, a treatment that produces very thin, stable 
films on aluminum, 


e “Investigation of Columbium as an Electrolytic Ca 
pacitor Metal,” A. Shtasel and H. T. Knight, Fansteel 
Metallurgical Corp., Research Dept. 


Attempts to utilize the anodic oxidation properties of 
columbium in commercial capacitors have never been 
successful. Current investigations were launched because 
of the critical supply of tantalum, the relatively abundant 
supply of columbium, and its interesting nuclear and 
high-temperature properties. Solid and wet electrolytic 
columbium capacitors were investigated and their char- 
acteristics were compared with those of similar tantalum 
units, 

The material used was a commercial columbium 
powder made by the carbon reduction of Cb,O,, which 
was obtained by liquid-liquid extraction from columbite 
ore. Porous anodes were made by sintering the colum- 
bium powder under vacuum in either resistance or in- 
duction furnaces. The samples were cut into tabs of 1 
sq in. and were thoroughly degreased with CCl, and 
acetone, but were not etched or electropolished. Aque- 
ous and non-aqueous solutions were found to be the 
most satisfactory electrolytes. The specific forming ele 
trolyte used in these experiments was an ammonium 
borate-ethylene glycol-water solution. 

The capacitors tested were low-voltage, high-capaci- 
tance (10 volts, 250 uf) wet-electrolyte units and solid 
electrolyte units varying in rated voltage from 10 to 35 
volts and in capacitance from 5.0 to 1.6 uf. Although the 
dielectric constant of Cb.O, is twice that of Ta.O.. the 
capacitance values per unit area are approximately the 
same. The working voltage is some function of the bulk 
purity of columbium and is very sensitive to the surface 
condition. The capacitance per unit weight is higher 
for columbium, but is essentially the same per unit area 
With presently available columbium it is possible to make 
low-voltage units, both wet and solid, which are at least 
very similar to tantalum units of the same ratings. Solid 
columbium electrolytic capacitors may offer some ad- 
vantage over similar tantalum units in a severe nuclear 
environment. The working voltage for columbium capaci- 
tors is only about 14 that for tantalum. 


e “High Conductivity Phenomena in Thin Films of 
Liquid Dielectrics,” T. 
Petrole, Paris, France. 


Salomon, Institut Francais du 


When thin films of liquid dielectrics are subjected 
to sufficiently high voltage stresses, three different states 
of conductivity are observed. The first is perfect insula- 
tion when the oil film is at least 100 microns thick. The 
second is a state of transient semi-conductivity with an 
oil film more than 20 to 30 microns thick. This is charac 
terized by a very rapid and varying succession of the 
states of high conductivity and perfect insulation. The 
third is permanent and high conductivity with an oil 
film not more than 15 microns thick. In this state, the 
oil behaves essentially like a metallic conductor. The 
three types of conductivity are quite reversible; it is 
possible to pass over from the permanent high conduc- 
tivity to the permanent insulation by increasing the 
thickness of the oil film, and vice-versa, by reducing it. 


In the first case, when crossing through the zone of 
transient semiconductivity, there may be sparking and 
slight carbonization of the oil 

A working hypothesis is proposed for verification It 


is based on the ionization of gas bubbles which cannot 
escape from the oil layer. These bubbles are either already 


present in the oil (air) and/or are produced by the 
high-voltage gradient applied, in which case they are 
hydrogen. 


e “Dielectric Characteristics of Tantalum Anodic Oxide 
Films as Related to Film Structures.” D. Mohler and 
R. G. Hirst, General Electric Co 


The leakage-current characteristics of anodic films on 
different specimens of tantalum are highly variable. 
These cannot be explained on the basis of bulk metal 
impurities alone. It has been shown that very thin films 
on the tantalum substrate substantially influence the 
structure and electrical properties of the anodic films. 

A recent study has shown that the formation proper- 
ties and electrical characteristics of the anodic films can 
be improved by treating the tantalum foil with hydro- 
fluoric acid prior to anodization. When this treatment is 
used to remove all surface films on the substrate, the 
surface conditions of both “high” and “low” leakage 
quality tantalum were reduced to a common denominator 
and subsequent anodization produced superior crystalline 
anodic films of distorted Ta,O,. Electron diffraction and 
spectrographic data provide supporting evidence by 
quantitatively identifying the metallic impurities in elec- 
trolytic-grade tantalum and tentatively identifying the 
structures of the various films. 

A. West, 


e “500 C ¢ ipacitors , a J]. Stamets and R 
General Electric Co 


Aluminum and tantalum, the conventional anode ma- 
terials for electrolytic capacitors, have serious limita- 
tions for use at high temperatures. At temperatures as 
low as 300 C, 


with oxygen to degrade its own anodic film. In the same 


tantalum becomes sufliciently reactive 
temperature range, aluminum becomes soft and flexible, 
providing a poor supporting base for any dielectric 
1 hese problems were overcome by the use of a new 
electrode material and a double anodization procedure. 

The material is M-257, a powder-metallurgy product 
of Aluminum Co. of America. It is made by forming a 
compact of fine aluminum powder having an oxide con- 
tent of 6 to 8 per cent AI,O,. It retains its physical 
properties at temperatures considerably above those at 
which pure aluminum and its alloys weaken. The M-257 
is anodized first in a strong electrolyte, giving rise to a 
“porous” type of oxide. This is followed by anodization 
of the type conventionally used in making electrolytic 
capacitors. Two foils, thus treated, are superimposed 
and wound inside a ceramic tube with metal end seals 
and hermetically sealed. The anodized foils may also be 
assembled in a stacked design. Capacitance values up to 
0.06 nf and insulation resistances as high as 40 megohm- 
pf at 500 C have been obtained. Units have been tested 
at 500 C and 100 volts d-c in excess of 1000 hr without 
any significant change in characteristics. 


Acknowledgment: Permission to abstract the papers reviewed 
here has been given by the respective authors 
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Advances in Flexible and Semi-Rigid 
Electrical Insulating Materials 


The properties and applications of materials 
classified by form (sheet, film, tape and 
tubing). New materials are reviewed and 


evaluated. 


Sheet, Laminate and Cable Wrap 


Fluorocarbon. The appearance of TFE (tetrafluoro 
ethylene) resins 15 years ago coincided with a growing 
demand for a high-temperature insulation with unusually 
good electrical properties and chemical resistance. TFE 
(14)* 
quency insulating properties of TFE are of the highest 
order 


resins satisfied these requirements. The high-fre- 


These resins do not really melt, and, although they 
become rubbery gels above 327 C, they retain many of their 
properties, It is therefore possible to use them for short 
times at temperatures well above 316 C. This same char- 
acteristic, however, requires that special processing equip- 
ment be used 

The more recent development of FEP (fluorinated eth- 
ylene-propylene) (J4) yielded a resin with many of the 
properties of TFE, plus the ability to be processed in con- 
ventional injection-molding machines and melt extruders. 
Since FEP has a fully fluorinated structure, it retains most 
of the unique properties of TFE. These include a minimum 


dissipation factor, low dielectric constant, exceptionally 
high volume and surface resistivity—all constant over a 
wide range of frequencies and temperature—plus high 
electric strength. FEP resin is capable of continuous service 
to at least 205 C, whereas TFE resins are rated to at least 
260 ¢ 

Aging at either 205 C for FEP or 260 C for TFE has 
no effect on their insulation resistance. Of seven different 
basic types of high-grade wire insulation tested, only FEP 
resistance above 
25,000 ohms per thousand feet after aging at 149 C for 
500 hr. (14) Volume resistivity (10'* 


resistivity (10' 


and TFE resins maintained insulation 


ohm-cm) and surface 
ohm/sq) were also at the top of the meas- 
urable range, higher than for any of the other materials 
tested. 

The electric strength of FEP and TFE resins is high, 
regardless of whether it is measured on wire insulation or 
sheet, or with respect to thickness, temperature or thermal 
aging. Initial electric strength is very high, as measured 
by the ASTM short-term test. As with any material, the 
value does drop for increasing thicknesses (Fig. 1), but 
with these fluorocarbon resins it remains high even in thick 


*Italic numerals in parentheses refer to manufacturers and data sources listed in 


ape 1 { i t table facing page 168 
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Fig. 1 Electric strength of TFE and FEP (short time) vs thick- 
ness (ASTM D149-59). (Source for Figs. 1 through 5, DuPont.) 


sections. Tests on wire insulation in air and on sheet mate- 
rial in silicone oil show that, when measured relative to 
temperature, the initial electric strength of the fluorocarbon 
resins is above the value for all other high-temperature 
resins and elastomers above 23 C (Fig. 2). At tempera- 
above 232 C, TFE better electric 
strength than other flexible insulating materials tested. 
Tests show that the short-time electric strength of TFE is 
unaffected by accelerated aging at 300 C, even after a 
6-month exposure (Fig. 3). 

The dielectric constant of TFE and FEP remains rela- 
tively unchanged over a wide range of temperatures and 
frequency. Figure 4 compares the dielectric constant of 
TFE and FEP with the value obtained for other typical 
insulations at various frequencies. The dielectric constant 
also remains essentially unchanged over a wide temperature 


tures resins have 


range (Fig. 5). 

The surface are resistance of TFE and FEP is very high, 
and is not affected by heat aging. When subjected to a 
surface arc in air, these resins will not track or form a 
carbonized conducting path. 


Additional information on flexible and semi-rigid 
insulating materials may be found in “Research 
Progress in Dielectrics — 1960,” appearing elsewhere 
in this Section it emphasizes the research aspects 
of the subject as discussed at the recent Annual Meet- 
ing of the Conference on Electrical Insulation of the 
National Academy of Sciences-National Research 
Council. 





In some applications, the advantages of TFE and FEP 


may be 
additions. 


resins 


ical properties 


istics, Additives improve the following properties 


enhanced by 


while 


retaining good 


electrical 


the use of certain inorgank 
Such modifications improve some of the mechan 


character 


resistance 


to wear, stiffness, hardness, resistance to deformation under 
load, thermal conductivity, and resistance to creep. Typi- 
cal additives include asbestos, bronze, glass fiber, quartz, 
coke fleur, graphite and molybdenum disulfide. The re- 
sults can be varied somewhat by changes in the method of 
incorporating additives. Table I shows a typical family of 


I einforced 


TFE materials. 
A micro-glass-fiber 


TFE 


reinforced 


material 


(51) is 


available in sheet form. It was developed primarily as a 


high-temperature dielectric material to meet the growing 


need tor 


high-temperature circuit-base stock, 


missile an- 


tennae dielectric material, and microwave-strip applications 


Advantages of 


ness control, 


this material 


good 


ine lude 


machinability and 


« lose-tolerans e 
punchability, 


thick 


unl 


Table |— Selected Reinforced Insulating Materials* 


Material? 


*TFE 97% 
fiber 
reinforcement 


glass 
non-woven 


TFE with woven 
and non-woven 
glass reinforcement 
3 mils thick 


TFE-coated glass 
fabric 


High-quality 
TFE cast film 


pure 


*Micro-fiber glass 
paper (non-woven 
containing 5-15 per 
cent organic binder 


f Aluminum in thick- 

ness from 0.2 to 12 
mils insulated with 
TFE coating from 
0.06 to 2 mils on 
one or both sides 


Property 

characteristics 
Dielectric 
2.1; pinhole free; 
tensile, 2.5 lb/in.; 
minimum stretch; 
electric strength, 
1000-1500 vpm; non 
porous; 1 mil thick 


constant, 


Microporous 


Dielectric constant, 
2.0; electric strength, 
1000-4000 vpm; 
power factor, 0.02%; 
14-5 mil thick 


Melting temper 
ature, above 1200 F; 
electric strength, 
from 370-2400 vpm; 
0.6 to 12 mil thick 


Electric strength, 
from 1000 to 4000 
vpm 


Advantages 


No 


mally 


ther 
high 


cold flow; 
stable; 
reliability; miniatur 
ization; long 
chemically 

combines best prop 
erties of sheet, film 
and paper; resists 
soldering-iron tem 


peratures 


life; 
inert; 


Lightweight, tough, 
chemically inert 


Lightweight, flexible, 


chemically inert 


Exceptionally low 


pinhole count, low 
internal 
non-flammable, very 


low moisture absorp 


stresses, 


tion, chemically in 


ert 


Ultra-thin, chem 
ically inert, long life, 
uniformity, mini 
aturization 


Miniaturization, in 
terleaving required 
in windings, no ad 
hesives used 


Connecticut 


* Source: American Machine and Fo 
7 Italic letters preceding material refer to f 
* Fiberfilm (T-10C-6N) 
© Amfab (TZ-20A-% 
© (TV-30-46) 


ndry Company, Springdale, 
llowing list of proprietary names 
4 UTF—Cast Teflor 
Tissuglas 
* Amfoil 
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stability 
coefficient of 


formity of electrical characteristics, dimensional 


over a wide range of temperature, a lower 


expansion as compared to unfilled TFE, no “window” effect 
and ne continuous fila 
the 


as found in woven glass structure 


ments of glass to wick up moisture into interior of 


the In the form of copper-clad sheet for etched 
the 


any adhesive. There is no effect on surface electrical prop 


material 


circuits, there is high bond strength without use of 


erties due to etching chemicals. 


A new TFE glass-base laminate (33, 1/0) with excellent 


resistance to heat, moisture and chemicals, good physical 


strength and high electrical properties is being used in 


applications requiring low dielectric losses at high tem 


peratures over a wide frequency During manufa 


ture, the TFE is completely integrated with the glass fabric 


range 


so that the resultant laminate exhibits most of the inherent 
outstanding chemical and electrical properties of TFE film 


however, 


The physical and mechanical properties, are con 


siderably improved by the glass-cloth base laminate 
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Fig. 2— Electric strength (short time) of TFE and silicone 
rubber as a function of temperature (ASTM D149-59). 


Fig. 4-- Comparison of dielectric constant of TFE and FEP 
with silicone rubber at various frequencies at 23 deg C (ASTM 
1D150-54T). 


is also fabricated with 1- or 2-0z copper foil bonded to one 
or both sides (33) for printed circuits in microwave assem- 
blies because of the low dielectric loss characteristics of 
the base laminate. Printed circuits of this type are capable 
of continuous 200 C operation. These laminates are stronger 
ind more rigid than unsupported film, yet do not crack 
when creased under moderate pressure. With low thermal 
expansion, this is of importance where close tolerances 
must be maintained. It is much more stable in this respect 
than unsupported TFE film. 

Type AR insulation (25) for flat-conductor wire and 
cable constructions is a new material developed to meet 
the growing problem of plastic flow and abrasion at high 
Basically, it is made by adding 
mineral fibers to TEE, the particles averaging about 1 mi 


operating temperatures 


ron in diameter and from 500 to 1000 microns long. The 
compound's effectiveness lies in the fact that 90 per cent 
of the fiber orientation is parallel to the wire or cable 
surface. While the quantity of fibers added is not great 
enough to alter the outstanding dielectric properties of 
IFE, significantly their combined effect is to present a 
fairly large surface area to any abrading influence. To 
gether, they also support concentrated loads and _ resist 
penetration of sharp edges. This does away with the need 
for glass-fiber wrapping or braid, thus saving space, re- 
ducing weight and providing the good electrical character 
istics of TFE all the way to the surface. AR materials are 
also available for single-wire insulation. 

Vinyl. Paracril Ozo (40) is a new addition to the oil 
resistant rubbers. It is made by modifying a rubber com- 
pound with a vinyl resin. It retains the high physical prop- 
erties and high abrasion resistance of the former, with 
additional values. Prime among these is its excellent ozone 
resistance. This, together with its very high oil resistance, 
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rical tape , measured at 73 F (23 C) 
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Fig. 3 — Effect of heat aging on short-time electric strength of 
TFE (ASTM D149-59). 


Temperature 
Fig. 5 — Range of dielectric constant of TFE, FEP, and silicone 


rubber at 1000 cps over a wide temperature range (ASTM 
D150-54T). 


suggests that it should be useful in wire jackets. 

Opalon 1444 (35) is a polyvinyl chloride compound that 
is designed for use as primary insulation in applications 
requiring a maximum temperature range from -+-105 C to 

55 C. It combines good thermal properties with high elec- 
trical characteristics and superior cold-bend performance 
at low temperatures, recommending it for thin-wall insula- 
tion where light weight plus high performance are critical 
factors. Since this material is semi-rigid, it is possible to 
process it at temperatures that are too high for conven- 
tional vinyls. 

Mica. Crystal M (34) is a new completely inorganic 
sheet or paper with a melting point above 1900 F and a 
thermal “k” value of 0.3 to 1.0 Btu/ft?/hr/in./deg F up 
to a temperature of at least 1000 F. These insulation pa- 
pers are prepared from a special type of synthetic mica. 
Three forms are available in pilot-plant quantities. One is 
a 100 per cent synthetic mica paper and the other two 
contain inorganic or organic fibers introduced during the 
manufacturing process. The paper may be manufactured 
in thicknesses of 2 to 10 mils. These materials could be 
used on wire and cable as a high-temperature insulation 
wrap. In combination with metal foils, plastics sheets, glass 
cloth, or the material itself saturated with electrical grade 
resins and oils, suitable insulation wrappings or interlayers 
may be produced. Printed circuits could be developed by 
laminating the paper to metal foils or by vapor-coating the 
surface. Metal fibers, metal powders or other conductive 
material such as graphite can be included to make a paper 
with controlled resistivity. 

Polyethylene. For a long time it has been the aim 
of rubber technicians to develop a single material combin- 
ing the most desirable characteristics of rubber insulation 
and jacketing cable compounds. This has been accomplished 
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Table li— Electrical Properties of 
Polyamide-Glass Fabrics* 


Designation 6400B 6500 Test specifications 


Nominal thickness, mils 3 3 


Electric strengtht 
(vpm—short time), 
initial 


> 1000 >1000 |ASTM D-29555T, 


4 in. electrodes 


Heat aged 
41 weeks at 205 C 
41 weeks at 250 C 


Electric strengtht 
@ 300 deg C > 1000 > 1000 
Dielectric constant (25 C 
@ 10° cps | 4.4 ASTM D-150 54T 
Power factor (25 C 


@ 10° cps, per cent 


Dissipation factor (25 C 
10° cps 
10? cps 
10* cps 
10° cps 


0.0105 
0.0114 
0.0153 
0.0168 


0.0149 
0.0062 
0 0042 
0.0055 


Volume resistivity, 
ohm-cm 


* Source: Du Pont Herox materials 
+ Determined after 2 per cent elongation resultix 


with the development of RoPalon (53). This material is 
an elastomer resulting from the chlorosulfanation of poly- 
ethylene—i.e., the reaction of polyethylene with chlorine 
and sulfur dioxide. This chemical reaction produces a ma- 
terial that looks, feels and handles much like rubber and 
requires compounding and vulcanization the same as con- 
ventional rubber-like material. Because of its properties, 
the material promises to fill the need for an insulating 
jacketing material, or combination of both, that can be used 
in applications where conventional materials have not been 
satisfactory. 

Electrical-grade polyethylene is being made in twisted 
form and used as cable filler (60). Since it is soft and com- 
pressible, it conforms very well to the shape which it is to 
fill. These fillers contain no plasticizers or treatments to 
migrate into other components of the cable. There is no 
danger that volatiles will condense on electrical contacts 
These fillers are non-hygroscopic, changing very little with 
variations in humidity. They have a very low power factor 
(0.0002) and a relatively low dielectric constant (2.2). 

isocyanate. A new group of isocyanate materials 
(39) presents great mechanical toughness, solvent resist- 
ance, good electrical properties and very good thermal sta- 
bility. These materials include glass cloth coated with iso- 
cyanate resin and seamless glass bias-cut material coated 
with elastomeric isocyanate resin. The second material of 
this group has outstanding toughness; it will not split when 
folded back on itself and subjected to a sudden heat shock. 

These materials have recently been successfully incorpo- 
rated in high-temperature insulation systems. In these sys- 
tems an additional coating of some of the newer low-tem- 
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perature-curing silicone varnishes may be applied. These 
varnishes and the isocyanate coatings are compatible. How- 
ever, it is not recommended that these materials be used 
in systems which are to be encapsulated or tightly enclosed 
without prior testing with the exact system under considera- 
tion. The highest-temperature application to date has been 
170 C, for a series of lighting transformers. As a layer 
winding in specialty transformers, satisfactory operation 
has been shown to be in the 155 C range. Generally, these 
isocyanates are finding ready acceptance as a replacement 
for varnished bias cambric. 

Polyester. A new non-woven polyester mat or web 
(30) with high strength in all directions is designed to be 
a substantially improved insulation for coils, transformers 
and electronic units. The new mat is intended to replace 
the paper, cotton, glass and synthetic woven cloths pre- 
viously used. The polyester fibers which compose this new 
felt-like material have inherently high resistance to mois- 
ture pickup. Pre-baking is not needed to drive off moisture 
The construction allows varnish or epoxy-based compounds 
to penetrate quickly into the wrapped coil to provide max 
imum impregnation of the entire unit. Designed to give 
good conformability, the material is particularly suited for 
tight wrapping applications such as irregularly shaped coils 
and knuckles of form-wound coils. It is a reliable space 
saver when used to insulate toroid coils. Field evaluations 
and laboratory tests suggest its use in Class B and Class } 
motors, depending on the impregnants used. 

A slot laminate, made of polyester film and web, presents 
the combination of dielectric characteristics of the film and 
the high absorbence of the non-woven web. The latter char 
acteristic insures a complete and uniform saturation of the 
slot laminate during resin impregnation and encapsulation 
processes (30). 

A flexible laminated polyester sheet (33) is designed 
primarily as slot insulation for hermetic motors. It consists 
of two plies of 0.010-in.thick polyester film laminated to- 
gether to form a flexible, mechanically strong sheet with 
good electric strength, high heat resistance (Class 155 C) 
and good resistance to delamination. The laminate may be 
readily pune hed and can be cold formed easily into spec ial 
shapes and forms. It has good flexibility and will withstand 
repeated creasing over itself and can be bent over small 
radii without cracking, breaking or delaminating. 

Copper-clad flexible polyester flexible 
printed circuits may be used at temperatures from —-65 to 


sheet (3.3) tor 


130 C. Printed circuits made from these materials should 
be hand soldered. Dip-soldering should be avoided because 
the polyester film will melt or shrink severely in the vicinity 
of 450 F. Excellent bond strength is shown 

Daglas (1) is an improved glass-fiber insulation for 
magnet wire, containing about 40 per cent Dacron (poly 
ester fiber) uniformly combined with continuous-filament 
glass fiber. After the wire is wrapped with the composite 
yarn, the Dacron portion is fused to form an adhering, 
flexible, and abrasion-resistant bond for the fragile glass 
fiber. An overcoat of a suitable varnish is applied to further 
protect the insulation and provide a smoother surface. 

There is more than a sufficient amount of glass fiber in 
the insulation to provide the pcs.'ve inorganic spacing 
between turns which is the major advantage of glass-fiber 
insulations. At the same time, many of the difficulties expe 
rienced in the use of straight glass-fiber insulated and 
varnish-impregnated magnet wire have been eliminated or 
greatly reduced. The fused Dacron not only bonds the 
glass-fiber filaments together, but bonds strongly to the 
bare copper or any underlying film insulations. This results 
in greater flexibility; the wire can be stretched, often to 
the breaking pornt, without loosening or cracking the insu 
lation 


Polyamide. A new 


as Herox polymers (14), used as a coating on fabrics for 


polyamide-type resin identified 
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electrical insulation, is being evaluated as Class 180 C insu- 
lation for both a-c and d-c motors, generators and trans- 
formers. Most promising application seems to be for trac- 
tion motors at 300 C, reached under extreme overload con- 
ditions. Table II summarizes some electrical properties and 
Table III, radiation resistance. 

In Tables II and III reference is made to the 6400 and 
6500 series. These represent variations in the basic for- 
mula needed to accomplish different purposes. The 6500 
series is somewhat superior in toughness, electrical prop- 
erties, hydrolytic stability, thermal stability and solvent 
resistance, so it is used in straight-cut, single-ply construc- 
tions. However, it is not adaptable to the making of lami- 
nates or bias-cut constructions, for which the 6400 series 
will be used. 

Asbestos. 
smooth, open papers made from Canadian Chrysotile asbes- 
tos and glass fibers. The basic single fiber of asbestos is a 
smooth cylinder about 200 A units in diameter. The paper is 
composed of these very fine fibers, mostly in random orien- 
tation. No organic fibers are included, but a small amount 


Novabestos papers (48) are a series of 


of the organic dispersing agent and the resin-coupling agent 


on the glass fibers remains as an absorbed and finely dis-: 


persed residue. 

The outstanding characteristics of these papers include 
low cost per unit area, freedom from mineral and organic 
contaminants, superior saturability, good handling strength, 
excellent dielectric characteristics, and high-temperature 
tolerance. 

Quinterra (30a) is 
After paper formation, it is fragile and is treated with 
resins for physical reasons. Quinorgo (30a) differs from the 
former in that organic content of the order of 10 per cent 
is added. It is stronger and can be handled and saturated 


a completely inorganic base sheet. 


much more easily 

Foam. A flexible isocyanate foam sheet stock (17) has 
features of extremely low weight and low dielectric con- 
stant and loss. It retains its flexibility over a wide temper- 
300 F). Although the material is 
multicellular and will absorb water 


ature range (—-65 to 
if submerged, it is 
hydrophobic and even in high relative humidity, moisture 
absorption is negligible. A flexible spray-on surface coating 
can be supplied for sealing purposes. 

Eccosorb AN (17) is a lightweight isocyanate flexible 
foam sheet broadband microwave absorber. Used mainly 
for lining antenna nacelles and enclosures, it can be readily 
cemented to equipments which produce undesirable reflec- 
It reflects less than 1 per cent of normal incident 
energy over the design frequency range. It is equally effec- 


tions 


tive against parallel, perpendicular and circular polariza- 

tions. It is relatively insensitive with respect to incident 

angle 
Eccosorb LS 


anate flexible foam sheet materials. They are used to absorb 


is a series of low-density, high-loss isocy- 


electromagnetic energy. Any given sheet is uniform in char- 
acteristics from point to point across the sheet and from 
front to back 
lower its Q or to wrap around a radiating element to elim- 


It is used to line the interior of a cavity to 


inate surface currents. It can be cut into wedges or tapered 
pieces and used inside waveguides as dissipative material. 
It should find applications where space cloth has been used. 


A new engineering concept, making a sharp break from 
conventional materials and techniques, is the use of indus- 
trial film materials in engineering design. The material 
which follows will provide a quick look at significant design 
trends made possible by these films. 

Polypropylene. This material is a strong, tough 
polyolefin (15, 18, 42) having very desirable molding and 
extrusion characteristics. Film extruded from polypropylene 
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Table Ili— Radiation Resistance of 
Polyamide-Glass Fabrics* 


Dosage, megaradst 


Dissipation factor @ 10’ cps 
Dielectric constant @ 10* cps 
Volume resistivity, ohm-cm 
Electric strength, vpm 


| 
tcanciapneiveianediepioneneceriamatinatiatin r 


1.410" 
1150 


6500-003 


Dosage, megarads 1000 


Dissipation factor @ 10* cps 0.0310 0 
Dielectric constant @ 10° cps 3.4 4. 
Volume resistivity, ohm-cm 5.810" 3.110" 
Electric strength, vpm 


.0388 
2 


* Source: Da Pont’s Herox materials. 
1 Dosage involves accelerations of 2 mev on 3-mil thickness. 


has good optical and physical properties. In addition, its 
high abrasion resistance indicates its use in wire insula- 
tion. Its potential as a dielectric material is evidenced by 
a low dielectric constant and dissipation factor, and high 
electric strength. Preliminary evaluations of this matter 
are currently being pursued. 

Vinyl. Ultron R-187 (35) is a specially formulated 
vinyl film having excellent electric strength and nonmigra- 
tory properties. This makes possible the production of insu- 
lation tape conforming to the specifications of MIL-I-7798A. 
Its components are not easily extracted, so that the film 
retains its flexibility when exposed to water or a wide va- 
riety of organic chemicals. Although developed primarily 
for pressure-sensitive electrical tape, the film is also suit- 
ible for coil and cable wrap. 

Teslar (14) film is made from polyvinyl fluoride. This 
new material offers a wide range of benefits, many of them 
available for the first time in plastics film: high electrical 
properties, outstanding weatherability, high chemical resist- 
ance, thermoformabilitvy, and toughness and high flex life 
over a broad temperature range. This material offers also 
an unusual combination of properties: high dielectric con- 
stant, high electric strength, outstanding resistance to ther- 
mal degradation and the effects of hydrolysis, and low 
moisture absorption. It remains flexible at 355 F and is 
extremely resistant to fatigue at 0 F, while its zero-strength 
temperature is above 570 F. The high dielectric constant 
(6.8-8.5) indicates its potential as wire and cable insula- 
tion or in capacitor fabrication. 

Polycarbonate. Polycarbonate resin (23) is a thermo- 
plastic material that lends itself to standard extrusion tech- 
niques. The material may be fabricated as film for insulation 
applications. A 0.1-mil thickness is operable at 130 C and 
can stand 500 volts continuously. The volume resistivity 
changes only by a factor of 10 from 25 deg C to 100 C. 
The power factor is constant over a wide range and corona 
resistance is in a highly desirable area. Work in polycar- 
bonate film is still largely in the developmental stage. 
Activity is particularly strong in Germany. 

Polyester. A new polyester, poly(1,4cyclohexylene- 
dimethylene terephthalate) (15) is available in pilot-plant 
quantities. The dielectric constant (approximately 3.1) 
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Dielectric constant of Terafilm in respect to tempera 
ture. (Source: Eastman Chemical Products.) 


Fig 6 


< ae 
Fig. 7 Dielectric constant of Tera 
film as a function of frequency 





shows high stability with both temperature and frequency 
(Figs. 6 and 7). Capacitors wound from this T16 film show 
almost no change in capacitance: 
creased to 110 C, and only about a 5 per cent increase at 
150 C. At all temperatures the lifetime of these capacitors 
is nearly an order of magnitude greater than that of poly 
ethylene terephthalate capacitors. Capacitors made from 
single-layer, 0.25-mil film show less than one pin-hole per 
5.0 wf. This film is hydrolytically stable and is resistant to 
degradation under hot, humid conditions 
sidered as a 105 C material, further investigations are likely 
to place it in the 130 C category. 

Polyethylene terephthalate, Mylar (14), has been reported 
at length in Exvecrrica, Manuracturinc.* This film has 
been used successfully for several years as the slot and 
phase insulation for open motors 


as the temperature is in 


Presently con 


There has been some re 
luctance to use the material as the insulation in motors 
manufactured for hermetically sealed compressors. This re 
luctance has been due to uncertainty about the hydrolytic 
stability of Mylar (based on negative results from sealed 
tube tests), and concern that the small amount of extracta- 
bles in the film might deposit in the capillaries and interfere 
with proper operation of the units. At least one manufacturer 
has run accelerated tests on these compressors using Mylar 
in the motor insulation system. There was no evidence re 
ported of hydrolytic degradation of the insulation nor of 
capillary restrictions from the extractables. 

An earlier reportt analyzed the hydrolytic stability of 
Mylar in hermetic systems and explained the discrepancy 
between failure of the sealed-tube tests and successful ac 
celerated operating tests of commercial compressor units 
This analysis suggested that the actual water content of 
commercial hermetic systems was so low that hydrolytic 
degradation of Mylar would be negligible. The water con 
tent of sealed tubes as normally run, on the other hand, 
was so great as to cause rapid degradation, giving mis 
leading results. (A report of the batch-to-batch variability 
of Mylar film under functional aging appeared in the No 
vember issue of this magazine.t) 


rigid Materials for the Functional Design of Electrical Insulat 
E Javitz, Evecraicat Manuvacrusinc, September 1953, p 12 


yester Film Insulation for Hermet Motors,” J. P. Harrington and R. J 
ASHRAE Journ., April 1959, pp 75-78 


riability in Functional Aging of Mylar Polyester Film for Hermet M . 
tions,” L. S. Lazar « W. V. Olszewski, Electro-Technology, November 


The fact that corona can be an important consideration 
in any a-c insulation system is never seriously questioned 
However, it is doubtful that corona is recognized in its 
true light as the dominant or limiting factor in many cases 
Except for the very low voltages, this is particularly true 
of some of the newer materials such as Mylar 

Mylar, like many other plastics materials, does not lend 
itself to liquid impregnation and unless impregnation is 
thorough, corona may be present. A study has been made 
on the phenomenon of corona in respect to Mylar and the 


result is highly promising for alleviation of this problem.* 


Reference Chart of Representa 
tive Hexible and Semi-Rigid Mate- 


rials for Electrical Insulation Systems 
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Fluorocarbon. Aclar films are made from fluorohalo 
carbon resins (2). They are formulated in several types 
representing variations in chemical composition and physical 
structure. However, they contain no plasticizers, fillers or 
other additives. These films can be bonded with both pres 
sure-sensitive adhesives and thermosetting or permanent ad 
hesive systems. However, due to the chemical resistance and 
extreme impermeability of these films, the adhesives must 
be carefully selected. The films can be printed, vacuum 
formed, extrusion coated metallized or laminated to other 
films, paper or cloth 


(Continued on page 177 
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A Reference Chart of Representative 


Flexible and Semi-Rigid Materials 


For Electrical Insulation Systems 
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Thermal properties 
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. 
Class and Type Generic name Source Temperature en Flame 
ect of heat TI 
range resistance 
Class 105C Polypropylene Tenite (15) 200 to 250 F 0 
Permace (42) 
Film Linear ester Terafiin (15 to 110 ¢ spacitance + § ( 
poly 
150 ¢ 
Polyethylene Monsant 5 5 to 110¢ 
Primary and 
jacketing PVC Opa 1444 3 55 to 105 | self exting 
Tape Buty! rubber Scotch Brand 65t f 400 hr 10 
Electrical Tape £23 34 K(M 3825 
Polyester Temflex E 3 80 to 10£ self exting 15 se 0 
Sheet XXXP—paper base Nf K€ ) | me 
a vate ASTM D635° T 
P yester laminate LPF.] ; 1 33 Ss 1° ( 4 hr 13° 0 
1% ’ r st 
Copper f f yester Flex y 4 27 65+ 13 flexible at RT racks at 
w te erature 
cnnneceslpesnemnmnas 
Epoxy Hys 4 ; 29 to 10° 
Casting and 
encapsulant 
= 
Liquid rubber E CPC 7 70 20 F 
pnecunnmnsenelboneen 
Tubing Viny Rorden Re« te EP.z 9 40 ¢ QS F elf exting.—* Py 
Vir y RB jen Resinite m+ ‘ lf 10 sé 
Hi-Heat 10° 9 
Viny v gt ea € elf ext ‘ ‘ 
Viny ‘ *\+ 4 . 74 ¢ . elf exting 5 se 
Class 130C Polyethylene terephthalate My 14 60 to 15 
Film Polyester rvinet x. 6008 to 1 
Tape Polyester 4- s ne Mystik 7 (97 80+ — 
Polyester + rubber pher t f x} 34 to l1€é , eSiVE ftens 
Po yester rubber pher t Rra 74 : 15 ¢ 
Glass cloth + rubber t Bra 74 to 160¢ adhesive char 
adhesive above ( 
Acrylic resin—glass fabr ecton € ( 14 to 155 ¢ 
Sheet and 
fabric Po yester laminate Haysite EEF 27 130C 
Copper-ciad glass epoxy M 6097 33 130C ASTM D635 ‘ 
Tubing Polyolefir Sequ » Hy rink 54 5510 135C elf exting 
Irradiated linear polyethylene Thermafit CRN 49 67 to 3 F self exting 
Viny —glass fiber Borden Res te V y 50H to 3205 F ' phys ; hange after 45 se 
Glass 9 a 225 C d 
Casting and Epoxy Stycast 23507 (17)| to 300% 
encapsulant 
Epoxy f CPC.4 7 100 to 300 F 3 
Polyurethane f CPC 4 70 to 300 F 
Epoxy E at VE (17 70 to 300 F 
Epoxy Epoxylite 293-11 (19 130¢ 
Epoxy Hysol 15-015 (29) 130C 


Hysol 2039 + 3469 (29) 
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Mechanical properties Electrical properties 
Thickne Tensile Tensile Elon siciitinimabdseietiians Shostete, Di Volume Comments 
a = strength modulus gation SUESION FOS! e strengt electric resistivity 
(per cent) (v/mil) constant) (ohm-cm) 
ST hh spt 
0.020 in 5000 psi 150 - 1500 2.3 3 10"5 — 
0.5 mil 18,000 psi 4 10° psi, 55 10’ megohm 9000 3.1 - Resists degradation under hot, 
‘ 105 ¢ humid conditions 
1250 f ; f 110 2.3 _ 
4 f 275 ‘ ef 1000 ft 25 1 Primary insulation; thin-wall 
min construction 
30 mil ] 10* megohm 600 -- High-voltage protection; upper 
temperature limit decreased 
when applied over sharp edges 
0.007 ir 1500 Coil and cable insulation, 
high-temperature harness 
wrap 
‘if 1600 megohm 90 10> 4.09 1 10" = 
0.021 i 2 ps 10* megohm 500 10” Slot insulation for hermetic 
motors 

45 90 It tt l *megohm 3000 2.01 l 105 Flexible printed circuits, cables 
and harness 

39 f é 447 14 10“ Casting strain-sensitive 
components subject to thermal 
shock 

+f S 23 7.7 2 1C Cures at room temperature. 

#24 AWG é 8 75C - - 
£ iD 
00 6.1 65 10 _ 
4 900 5.0 2.1 10" | Meets or exceeds MIL-1-631 C 
16 ir : ps ; 1000 . _ 
5§ egot 4000 3.2 ] 10" _ 
‘ ' 

; ‘ 494 430 = 2 10” Slot laminate of nonwoven 
polyester web and polyester 
film 

28 ir 20 Ib/in. widtt 70-13 4000 2.9 — Combination of Mylar film and 
silicone adhesive 
1 10 it widtl l ] 10* megohm 3000 _ — % mil polyester film + % mil 
rubber. phenolic adhesive 
75 5 It widtl 5 ] 10* megohm 4500 _ _ Polyester film, polyester mat 
and rubber phenolic adhesive 
7 ic , widtt 5 é megohm ome _ — 

0 Ib/ir 3 1000 2.6 10" - 

8000 ps 500 5.64 — _ 

7 500.000 megohm 50 3 10” = 

n 18 Ds 250 800 2.5 10" Shrink on at 275 F 

Ds 260 1000 25 10" Shrink on at 275 F 
24 AWG 8000 3.59 25 10° - 
yin ID 
100 m 400 ps 400 4.0 10" Transformer potting for 
thermal shock 
100 nm 4000 ps 550 4.0 10" Connector potting compound 

7200 psi —- 6.0 10” Potting electrical circuits and 

connectors 
460 3.0 10" Coating electronic components 
and circuits 

3800 ps 37 3.5 2 10" Stator potting resin 

3000 psi 100 — 3.8 3.2 10“ Casting end turns of stators 

and transformers 
— 8000 psi - _ a 4.43 3.27 *« 10" _ 








Epoxy l trvington 1X-6010 (30) 130 = =a 


Epoxy—giass cloth Irvington 1X-6005 (30) ~ 
Epoxy Epocast 15E 4+ 9010 (22) — 
Epoxy Epocast H-1321 (22) 
Epoxy Unox 201 + Empol 1022 (61) - 
Epoxy Maraset 1425 (32 130 ( 
ccs eileen ammenities aaaaasera id cat tmmagaattaasraar cantata 
Class 155 C Mica—epoxy lsomica-epoxy (33 130C 
Tape Epoxy + rubber phen Scotch Brand X-1099 34 to 180 ( 
TFE + adhesive Scotch Brand X-ll1l1 (34 to 180 C 
Sheet Polyester + glass mat Haysite EXT-S 27) to 200 C r ss of flexural strength 
ifter 200 C aging 
Casting and Epoxy Hysol 4183 + 3469 29 to 155 ¢ 
encapsulant 
Epoxy Hysol 4259 3401 (29) to 155 ¢ 
Epoxy Maraset 131 (32) to 155C 
Polyurethane foam Maraset 3000 series (32 to 155C 





Ciass 180 C Fiuorocarbon Teflon FEP 14 85 to 200 C nonflammahie 


Film Polyviny fluoride Tesiar Type 2 14 to 355 F rer strength at ve 572 | 
Fluorohalocarbon Aclar 33( 2 320 to 390 F nonflan sble 
Tape Silicone—giass clott Mystik 701 37 70 to 500 F 
Fluorocarbon—glass Scotch Brand X-1112 34 to 250C above Z C. adhesive 
oth—s ne bond weakens 
Ss ne , Rra iN 7 4 ‘ 18 
one—giass clott Westinghouse T 17-9447 (65 180 ¢ 
Silicone—giass clot sE SE 23 
S one—glilass tt CDF GBl SRG (} 65 to 392 F 
Skived TFE DF ST-X 10 180 ¢ 
; 
Fiuorocart r glass Ar > n o5-* 14 R7t 4 y 
fabr 
Sheet Fiuorocarbon—giass MMM Class H Teflor to 18 Seusmetie 
fabr 3lass Laminate 34 
TFE—glass tt M T g 65t 56 F 
Copper + TFE + glass cloth Mico 6098 La to 250 ( a a 
Polyam de resin coated Herox 65 4 ¢ 3 
g'ass tr 
Tub ng Silicone Ben Har 1151 Rg B5 to 20 f elf exting 1s , 
Fluorocarbor Teflon FEP 14,34 to « ( f fla ible 
Fiuorocarbon Kel-f an 70 10 F all ext 
Casting and Silicone Silastic RTV 881 12 55 to 250 ( 
encapsulant ? 
Epoxy Hysol 4183 537 29 to 206 
S ne Dow Cor g Dielectr 60 to 200 C 
Ge 12 


Class > 220C Micro—fiber glass paper Tissugias to 1200 fF 








Sheet 
Mica—gliass rystal M (34 to 1350 F 
fibers 
Glass—fiber fluorocarbon Duroid 587( 5) to 500 F 
4 i 
Tubing Inorganic bonded mica Isomica 6-T 3 to 1900 F 
} i 
Casting and Silicone foam Scotchcast XR-5017 34 75 to 260 C 
encapsulant 
ena metterasnasncnasanaseanasemmaascemmenasiles 
ta era parenthese efe > fact € ‘ ? f ? f f ‘ ’ . . 
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_ _ ompatible with commercia 
encapsulating resins and wire 
enamels. 

0.005 in 100 Ib/in. width 5 6.6 10" @ 130C 1600 5.5 “= Form-wound coils, interlayer 
insulation, coil covers 
1100 psi 70 400 4.5 10" _ 
— 3.5 10"' _ 
4800 psi 17 2.97 | 3.3 10" _ 
6 in 450 3.8 10" -_ 
js Shp pss? 
90 It widtl 1200 — — Construction: mica sheet 
reinforced with glass cloth, 
with thin polyester film on face 
100 It 5 3000 megohm 5000 — - — 
b/ir 150 60,000 megohm 8500 _ _ Adhesive softens over 155 C 
On cooling it loses flexibility 
14,000 ps 400 4.33 = - 
5000 ps - - 45 4 10" - 
12,000 ps - 0.005 5.5 10 - 
bir 450 3.9 3.7 10” _ 
42 1.4 7 10“ - 
1 mil 10 psi 43,00¢ 300 4000 2.1 10” - 
lm l 100 ps 27 140 4000 68 3 10 in developmental quantities 
' j R000 40 2000 26 10” 
09 b/in. width 5 4000 3.33 - _ 
65 ir f t n. widt? 5 5000 megohrn 6000 — 
5 t widt é ) 10* megohn 10.500 
1000 _ - aa 
560 590 3.4 2 10** ~ 
£ , widtt 13 3.51 —_ _ 
48 0) 2900 0 nt = 
' widtl 10° of 750 10" Not recommended for voltages 
over 2300 
é . } f width 900 _ — 
4° ith 750 —_ _ = 
P 0 O0€ f f 45 kv 2.68 10" on 
‘ f 
7) I widt! 1000 3.5 10” Experimenta! 
600 ~ — 
15 ] 4 1000 2.2 — 
5 ) 16 390 3.0 ia 10" — 
1f ‘ 400 3.15 1 10" _ 
IGE 650 3.54 3.98 10" —_ 
] 1000 3.0 5 10" _ 
01 12.25 410 _ — — 
widt ? 
5 ] p a=» = _— 
7500 ¢ 300 2.20 10 —_ 
r 550 =e -_ 
,10i 60 ps 80 8000 2.8 1.8 10" _ 
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(Continued from page 168) 

Some of the properties of FEP (14) have already been 
covered at the beginning of this article under Sheet, Lamin- 
ate and Cable Wrap. To add to this, it should be noted that, 
not only are tensile properties good, but the film has high 
impact strength when tested under high rates of loading 
(Fig. 8). FEP film withstands corona discharge, but like 
other thermoplastic films, it is attacked by severe corona. 
Unlike many other films, however, the attack is a mechanical 
chipping rather than oxidative ultraviolet degradation. For 
a given system, the stress at which corona occurs will depend 
mainly upon the electrode size and shape, and the size and 
shape of all material between the electrodes. 

Cellulosic, Cyanoee! (4) 
is available in development quantities 
ethylated 
can be molded or cast into films. 


chemically modified cellulose 
This highly cyano- 
cellulose exhibits high electrical properties and 

Because of the high dielectric constant and low dissipa- 
tion factor, these films are reported to give a capacitance 


per unit volume from 2 


to 6 times greater than other com- 
parable products. At 60 cycles, 2-mil films have a dielectric 
of 10-15 and a dissipation factor of 0.010-0.025. 
In addition to these properties, the films have good flexibility 
23 C 50 
humidity, 2-mil films have a tensile strength of 5380 psi 
10 


cent devices and microminiature capacitors are two known 


constant 


and physical strength. At and per cent relative 


and a Young's modulus of 0.34 psi. Electrolumines- 


applications for Cyanocel 


Tape 


Temperature is one of the design engineer's most serious 


problems. In tapes, this is exemplified by the high number 
of requests for electrical insulating tapes to meet ever 
increasing temperature requirements. A practic al tempera- 
ture classification for a pressure-sensitive electrical tape is 
stress, 


of 


vironmental factors produce varying results, it is impossible 


influenced by such factors mechanical moisture 


as 


ind chemical exposure. Since combinations these en- 


to place a temperature rating on a specific tape without 
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Fig. 8 — Tensile stress of FEP film vs strain. (Source: DuPont.) 


including a large safety factor. Figure 9 (34) is only a 
guide to the upper temperature limits of various types of 
electrical tapes and indicates the upper temperature limits 
with time as a limiting factor. (This chart should not be 
used for specification purposes. ) 

Electrical tapes are basically thin-sheet insulation in an 
easy-to-use pressure-sensitive form. Generally, the effects of 
temperature on the tape will be quite similar to the effecis 
on the sheet insulation used for the backing. Tapes, like 
sheet insulation, do not fail by breaking down immediately 
at a critical temperature. Failure is by gradual deteriora- 
tion, time-temperature relationship. Organic 
electrical tapes become weaker and embrittle with thermal 
aging 


involving a 


They are then more susceptible to mechanical stress. 





Inorganic tapes will also weaken under prolonged heat 
aging, but to a lesser degree. 

Silicone. Unsupported self-adhering, fully-cured silicone- 
rubber tapes are widely used for insulation of motor and 
generator coils, leads, bus bars, cable harnesses, and as 
encapsulating wraps for electronic assemblies where potting 
is impractical. Since these tapes have no stiff backing, they 
conform smoothly when wrapped on complex or intricate 
forms. The tapes are resistant to ozone and moisture, pro- 
vide continuous high insulating values, also continuous re- 
sistance to vibration, heat and mechanical shock. Special 
cross-sections (such as triangular) are particularly adapt- 
able to winding around irregular shapes. Glass-fabric tape 
coated with silicone rubber on both sides provides another 
form of a self-adhering fully cured tape. It is indicated for 
use in lead wire, power cable, coil taping, and generally 
where a good homogeneous electric barrier with 180 C 
heat resistance is required. 

A wide variety of silicone-resin coated tapes is available. 
Generally, these tapes consist of woven glass fabrics, with 
multiple coats of silicone varnish. By varying the combina- 
tions of varnish and fabric, a wide spectrum of final charac- 
teristics can be obtained. 

Sources for both silicone rubber and silicone varnish tapes 
generally manufacture both types. (10,23,33,34,36,37,42,65) 
Useful information on tapes is frequently made available in 
the reports of the companies that supply the basic silicone- 
rubber compounds and silicone resins. (12,23,61) 

Rubber. Quadruple-X tapes (34) have a newly devel- 
oped rubber-phenolic solvent-resistant adhesive which makes 
it possible to provide the tape in a partially thermoset (pre- 
thermoset) condition. This tape is intended for use where 
facilities for complete thermosetting assembly are not avail- 
able. 

A butyl rubber composition (34) is a highly conformable 


corona-resistant insulating tape that fuses readily to itself 
and to cable insulations without the use of heat or rollers. 
This material corrects the most common causes of high- 
voltage breakdown, deterioration of insulation in the form 
of cracks, fissures and ultimate carbonization. Recommended 
operating temperatures vary with the conditions of the 
application. For instance, where applied over a sharp edge 
or corner, the upper limit of the temperature range must 
be decreased. In general, this tape may be used where 
operating temperatures are between —65 and -+-220 F. 

Polyester. X-1115 (34) is a 0.001-in. polyester film 
coated on both sides with a rubber phenolic pressure-sensi- 
tive adhesive. The tape is thin, conformable and tacky. The 
adhesive will thermoset and, when cured, will resist most 
solvents. Layer winding of small wire coils is simplified 
with this tape. It will both hold and insulate, and wire 
slippage is almost nil. Pieces of insulation formerly held 
by tying or jigs may be applied and held with this tape 
until subsequent operations are performed. 

X-1113 (34) is a 0.5-mil polyester (Mylar) film coated 
on one side with a rubber-phenolic pressure-sensitive ad- 
hesive. The extreme thinness of this tape lends itself to 
assembly of miniature electrical and electronic components. 
Once cured, the tape is solvent resistant and eliminates ad- 
hesive softening at high temperatures. However, the ad- 
hesive does soften above 130 C. On cooling, it will lose 
flexibility and will therefore be vulnerable to physical stress. 

Fluorocarbon. A new process (47) modifies fluorocarb- 
ons for bonding to other materials for operation under fluc- 
tuating extremes of temperature. It is, essentially, applica- 
tion of a non-moisture-absorbing, bondable surface to fluoro- 
carbon tape. This, when cemented in place with a suitable 
adhesive, results in a good microwave dielectric material. 
The retention of the high surface resistivity and low dielec- 
tric constant of untreated TFE thus gives a less lossy dielec- 


Insulation Application Micro-Notes 


e@ FEP fluorocarbon is used as primary 
insulation where it is applied as an ultra- 
thin-walled insulation, particularly in high- 
temperature applications. The film can be 
used for small runs of several thousand 
feet on a much more economical basis than 
extruded (TFE) wire. Film is spirally 
wound and heat-sealed at a typical tem- 
perature of 540 F. The film has a homo- 
geneous, non-porous structure. FEP films 
laminated to glass tape may also find ap- 
plications in traction motor coils. 

e@ In flat-conductor structures, the heat- 
sealing properties of FEP make it possible 
to utilize various techniques such as using 
FEP plus TFE plus glass-filled fabric. 
Cementable FEP film has one surface 
chemically treated and is used where ad- 
hesion within the structure is desirable, 
such as in rotating machinery and aircraft 
circuits. 

@ There is some misconception regard- 
ing limitations to the use of Teflons (FEP 
and TFE) due to their deformation under 
load. It is true that, compared to nylon, de- 
formation is greater at room temperatures; 
but around 100 to 150 C, the difference is 
slight, and at 150 C and higher TFE is 
superior. FEP is rated for service at 200 C 
in an unsupported form. 

@ The cost of Teflon is still a limitation, 


but the cost is increasingly being weighed 
against performance gains. Actually, 60 to 
80 per cent of all Teflon-insulated wire is 
being used because of its electrical proper- 
ties and reliability, not for its more highly 
publicized high-temperature resistance 
Tefion-insulated wire is being used for this 
reason in computers to replace PVC. Par- 
ticularly, Teflon wire replaces PVC be- 
cause of superior cut-through resistance 
and stable electrical characteristics. (Poly- 
ethylene would also qualify for these 
applications, but it is ruled out because of 
its flammability—a risk too great to take 
in equipment as costly as computers.) 
Other new areas of application for FEP 
are as ablation material in missile nose 
(temperature 1800 C) and as in- 
sulation in missile strip antennas. 

@ The non-sticking 
Teflon is a problem in encapsulating and 
potting. This characteristic can be over- 
come by (a) mechanical means (treatment 
of Teflon surface by sand blasting, etc.), 
(b) radiation grafting techniques (chang 
ing the non-sticking characteristics of the 
polymer), or (c) chemicz! pre-treatment. 

@ Under nuclear radiation, Teflon has 
a threshold of 110% rads when oxygen is 
present. However, in a vacuum or a near 
vacuum, its radiation resistance is appreci- 
ably higher. This characteristic is important 


cones 


characteristic of 


in space applications, where up to 95 per 
cent of the hookup wire being used is 
Teflon. Teflon is also being used in micro 
wave lenses and in relays to prevent cor 
rosive effects. 

@ A new development in the use of 
nylon is as an extruded strip in paper or 
vulcanized fiber for slot lining. It performs 
a mechanical function rather than an in 
sulating function; mechanical 
considerations are vital in every insulation 
application. In fact, failures occur in the 
following order of mechanical, 
thermal and other environmental, and 
then electrical. 

@ The development of nylon as an 
extruded film has been slow because of its 
high cost, despite a good deal of research 
effort. Its largest use in flexible form is 
as wire and cable jacketing where, again, 


actually, 


causes: 


it performs a mechanical function. Its elec 


trical properties are relatively poor, al- 


though, in the thicknesses required for 
mechanical use such as jacketing, the elec 
trical properties are adequate. 

@ Flexible applications for polyethylene 
are primarily in wire and cable. Growth in 
high-voltage applications is still being 
studied. The bulk of the resin used is still 
of the conventional, branched, low-density 


type 
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tric. In addition to the bondable surface, this “Raibond” 
treatment lowers the creep or cold flow of the TFE. The 
new surface is compatible with both flexible and rigid ad- 
hesives. Under extremes of temperature, the bond will hold 
and resist most stresses set up by variations in coefficients 
of expansion between the materials bonded. 

TFE coated glass fabrics (33) have high resistance to 
heat and chemicals, with good electrical properties which 
compare favorably to varnish-coated fabrics, remaining un- 
changed over a wider temperature and frequency range. 
For example, the TFE coated glass fabric has a power factor 
of 0.0006 over the spectrum of 60 cycles to 1 me. Volume 
resistivity exceeds 10'° ohm-cm, even after prolonged soak- 
ing in water. These coated glass tapes are highly flexible, 
with good are resistance and electric strength. Temperature 
characteristics are in excess of Class 180 C insulation. 

Epoxy. X-1099 (34) has a fully-cured, 
flexible epoxy resin. This backing is reinforced with woven 
glass cloth. The tape is coated with a thermosetting, high 
tack, pressure-sensitive rubber-phenolic adhesive. The tape 
provides the electric strength of a continuous epoxy film 
and the physical strength of glass cloth. It is rated at 150 
C for continuous long-term operation and will be functional 


backing of 


for short-time surges at 220 C, 


Tubing 


A coated sleeving is characterized by a continuous, braided, 
fiber construction that gives maximum structural support to 
a tubular insulation. It makes available materials of high 
dielectric qualities which would not have sufficient structural 
strength to be molded into and to remain in tubular shapes 
This is 
resinous structure materials such as long oil varnishes, poly- 
Even the 


by themselves. especially characteristic of the 


esters, isocyanates, epoxies and silicone resins 


@ Non-flammable 


elastomeric materials such as vinyl plastisol and silicone 
rubber are enhanced by being coated upon and bondeu to 
a supporting structure of braided glass fiber. All of these 
materials have relatively poor tear strength without a fibrous 
structural reinforcement. Some coated sleevings classified 
according to AIEE temperature classes are: 105 C—varnished 
cotton or rayon; 130 C—varnished glass fiber, vinyl coated 
glass fiber; 155 C—isocyanate elastomer glass fiber; 180 C— 
silicone-resin varnish glass fiber, silicone elastomer glass 
fiber; over 220 C—heat-treated braided glass fiber.* 

Elastomeric coatings such as vinyl plastisol, isocyanate 
and silicone rubber are generally coated on top of the 
braided glass fiber and bonded tightly to it. This makes 
the insulation extremely flexible and available in long con- 
tinuous lengths. Both the isocyanate and silicone-rubber 
tubing show high solvent and oil resistance. Silicone-rubber 
sleevings display the widest range of temperature operating 
ability and are recommended for use from —100 to +200 C. 
Of all the available sleeving, they demonstrate the best 
corona resistance. 

The major problem in coated-sleeving development is 
that of obtaining flexibility from the combination of a 
braided sleeving and its coating. Since the flexibility of 
a sleeving is derived from its unlocked braided construction, 
the coating material must be sufficiently elastic to allow 
flexure of the braid. Consequently, research is being followed 
to provide a flexible polyester, a flexible epoxy and a 
flexible acrylic sleeving. (56) 

Good possibilities exist for the development of a braided 
sleeving of inorganic fiber that will withstand a continuous 
operating temperature of 1000 C. This sleeving would pro- 
vide a flexible and positive space factor insulation beyond 


*W. J. Dwyer, “The Place of Coated Sleeving in the Technology Explosion," 
Suflex Corp., Woodside, N. Y. 


polyethylene is still 
limited, for economical reasons, as a mate 
rial competitive with PVC. Some applica 
tions exist, however. Flame-proofness in all 
materials is becoming a most important 
subject, and much research work is being 
done in this area 

* Neoprene applic ations are well-known 
and, more or less, conventional-except for 
their growing use in missile wiring systems 
The use of Viton (a fluoro-elastomer) for 
cable and wire is limited by its high cost 
Some companies, however, are experiment 
ing with cable applications where environ 
mental conditions justify the cost 

@ Adipren (a liquid polyurethane) has 
been used for potting cable terminations 
and, to some extent, in electronic encap 
sulation. Three general classes are pro 
duced which can be blended at will on the 
basis of different cure times, densities, etc.. 
to produce various degrees of resiliency 
and density 


@ Heat-shrinkable Mylar 


terminations of leads provides several ad 


sleeving for 


vantages over Dacron, cotton, ete. It pre 
vents corrosion, has good electric strength, 
and adds mechanical strength 

@ There is considerable pressure to use 
Mylar in fractional-horsepower motors for 
appliances and power tools because of the 
high rate of insulation failure in motors 
Appliances are now required to carry a 


five-year guarantee, and appliance manu 
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facturers expect the motors they use to 
have the same guarantee. 

@ Difficulties arise from the lack of ad 
hesion between epoxy resin encapsulants 
ind a Mylar surface. However, with proper 
formulation of epoxies, this problem may 
be overcome. Isocyanate-cured epoxies are 
preferred since they have no objectionable 
effect on Mylar, such as is found when 
amine-cured epoxies are used. Composite 
paper-Mylar particularly 
free of problems with resin encapsulations 
since the Mylar surface is on the inside 
The problem of resin compatibility is of 
growing importance because of the increas- 


materials are 


ing trend toward resin-encapsulated motors, 
which replace the TEFC motor construc- 
tion, 

@ Early negative results in regard to the 
effects of hydrolysis on Mylar in hermetic 
systems are now believed to be out of date 
due to the unrealistic nature of the sealed 
tube test. The amount of moisture present 
proportion to that actually 
found in field use. Consequently, modified 
test methods are being used. Results have 
been closer to behavior experience under 


was out of 


actual field conditions. 

@ Metallized Mylar has good potential 
because of its excellent self-healing proper- 
ties. Here, zine is being used in some places 
instead of aluminum, due to the former's 
self-healing However, 
on the negative side, zinc is not as durable. 


superior property. 


Aluminum metallized Mylar is therefore 
generally preferred. The metallized capaci- 
tor dielectric is gaining ground slowly, 
however; probably only 10 per cent of all 
the capacitor business is concerned. 

e A significant new development is 
varnished Mylar, which is to compete with 
varnished cambric. The initial market is 
in cable wrapping. Varnished Mylar is 
competitive economically with varnished 
cambric since costs are about equivalent 
to 2-mil Mylar. 

e@ Another new application is Mylar foil 
laminations for electrostatic shields. Typi- 
cal construction calls for a 0.00035-in. 
aluminum foil plus %-mil Mylar. The ad- 
hesive is 0.2 to 0.3 mil thick. An extrusion 
of l-mil pigmented polyethylene as a coat- 
ing on I-mil Mylar is also being used on a 
prototype missile cable. 

@ Teslar polyvinyl fluoride film has 
these advantages: it can be heat sealed, it 
can be pigmented, it is not as inert as 
Teflon and therefore can be bonded, and 
its weatherability is extremely good. 
Essentially, this is due to its toughness be- 
cause it is unplasticized and has a high 
resistance to ultraviolet radiation. However, 
Teslar has a potential for electrical ap- 
plications due to its high dielectric con- 
stant. One application would be capacitors. 
Another possibility is on cables where hy- 
drolysis is a problem. Teslar offers a high 
resistance in this connection. 





the operating range of all present flexible tubular insula 
tions. It may also provide the sleeving base for coating that 
will withstand operating temperatures in excess of the work- 
ing range of standard glass fibers. 

Polyolefin. Thermofit CRN (49), a product of radiation- 
chemistry research, is an electrical insulating, flame-resistant 
extruded tubing whose diameter may be reduced 50 per cent 
upon the application of heat in excess of 275 F. Due to its 
exposure to high-energy electron-beam radiation, it does not 
cold flow or melt and retains form stability at high tempera- 
tures. Another irradiated heat-shrinkable polyolefin tubing 
and sleeving [Hyshrink (54)] is also applied at a tempera- 
ture of approximately 275 F for a few seconds. 

Mica. Isomica 6-T (33) is an inorganic bonded mica 
paper having greater heat resistance than natural mica. 
The improvement in heat resistance results from the chemi- 
eal reaction of the inorganic bond and mica. Tubes are 
being used in applications where temperatures up to 1900 
F are reached for short periods. Long periods of heating 
at 1500 F improve resistance to moisture and do not degrade 
electrical properties of the material. Arc resistance is 
extremely high and an actual value has not been determined 
due to inadequacy of present standard ASTM test methods. 
This material may be used where resistance to gamma radia- 
tion is necessary. The effects of very-leng-term radiation 
are currently being investigated. 

Vinyl. A vinyl heat-reactive material (30) which shrinks 
under heat to provide a tight covering for either symmetrical 
or gently contoured shapes is being made as a clear, fully 


transparent tubing. Manufactured under a patented process 
which pre-expands the tubing, the material shrinks under 
heat to its normal dimensions in 4 to 8 minutes at 300 F, 
Available for application on objects ranging in size from 
‘sa in. to 5 in. OD, the tubing is being used for covering 
harness cables, condensers, coils and high-voltage leads. lt 
has an electric strength of 1000 volts in 0.016-in. wall thick 
ness, a tensile strength of 3200 psi, ultimate elongation of 
300 per cent and a cold brittle point of — 20 C. 

EP-145 (9), a polyvinyl chloride cable jacketing com 
pound, has been developed particularly as an improved 
equivalent for Specification MIL-R-6855, Class II, Grade 60, 
synthetic rubber. In comparison to other materials specified 
it is said to have greater abrasion resistance, lighter weight 
(greater strength allows thinner walls), good cold-bend 
properties, and high self-extinguishing characteristics. 


Magnet Wire 


Magnet-wire enamels have been covered extensively in 
previously published articles in this magazine. (See refer 
ences in the Bibliography elsewhere in this Section.) The 
most notable current problems are still centered around be 
havior under extreme environments. A more recent prob 
lem engaging both magnet-wire engineers and magnet-wire 
users is that of compatibility of magnet-wire insulation 
with embedment and encapsulating resins and compounds 


principally the epoxies. These problems will be reviewed 


in future articles scheduled for publication in ELectro 
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Characteristics of Typical Glass-Fabric Finishes for Insulating Materials’ 


Vote: Finishes for glass-fiber materials added go through 

e No. 114 Finish 
specifications for insulation. The finishes (No. 112), the fabric 
have a definite relationship to the charac rated with methacrylate 


are frequently included in MIL and other 


teristics of these materials 


mended for use with polyester laminates 


e No. 111 Finish—This finish con 


stitutes partial removal of the yarn sizing of wet strength are 


at a relatively low temperature, wherein 
some of the oils and starch volatilize and 
the remaining starch is ‘carmelized. The 
fabric has a distinct tan color and a resi- 


portance. 


dual organic sizing in the range of 0.1 to ride in such a manner 
content of the finished 


0.5 per cent. This finish is recommended 
for use in melamine laminates. 


this heat cleaning 
After heat cleaning (No. 112), the fabric is completely satu 
is completely satu 


and thereafter dried. This finish is recom 
where maximum dry strength and retention 
@ Volan A Finish 


ing (No. 112), the 
saturated with methacrylate chromic chlo (No. 112), the fabric is completely satu 


fabric is completely 


@ No. 172 Finish— After heat cleaning 
rated with a silane-type chemical and dried 
chromic chloride under very carefully controlled conditions 
so as to leave a vinyl-silane on the surface 
of the glass. This finish gives excellent dry 
ind wet-strength properties with polyester 


not of particular im resins and will meet the requirements of 


MIL-P-8013 and MIL-F-9084, latest revi 
After heat clean sions 
@ No. 136 Finish—-After heat cleaning 
that the chrome 


fabric is between under very carefully controlled conditions, 


rated with a silane-type chemical and dried 


le iving a vinyl-silane on the surface of 


e 210 Finish — Developed especially 
for promoting adhesion of silicone rubber 
to glass fabrics. Consists of a special 
method for removing the oil and starch 
binder to a level of 0.12 per cent or Jess 
and, at the same time, retaining practically 
all of the original greige tensile strength of 
the fabric. A patent has been applied for 
on this finish. 

@ No. 112 Finish—-Often referred to 
as “heat cleaning,” this finish provides 
woven glass cloth with practically all of the 
original yarn sizing removed. For most 
fabrics, the residual sizing after heat clean- 
ing is in the range of 0.08 to 0.12 per cent. 
This removal is accomplished by exposure 
to high temperatures for an extended period 
of time. The fabric is white in color and is 
recommended for silicone-resin laminates 
All fabrics to which additional finishes are 


0.03 and 0.05 per cent The fabric is very 
thoroughly washed after the methacrylate 
chromic chloride is cured to remove certain 
soluble chlorides which are formed. This 
finish is recommended for use with 
polyester, epoxy, and phenolic laminates 
which require good dry- and wet-strength 
properties. Polyester laminates made with 
Volan A Finish will meet the requirements 
of Specifications MIL-P-8013 and MIL-F 
9084, latest revisions. 

@ Garan RS-49 Finish After the 
fabric has been heat cleaned (No. 112), it 
is passed through a silane-type chemical 
and dried under very carefully controlled 
conditions to leave a vinyl-silane on the 
surface of the glass. This finish gives excel 
lent dry- and wet-strength properties with 
polyester resins and will meet the require 


ments of MII-P-8013 and MIIL-F-9084, 


latest revisions 


the glass. The finish is used for silane and 
polyester laminates and gives excellent dry 
ind wet strength properties 

@ A-1100 Finish After heat cleaning 
(No. 112), the fabric is completely satu 
rated with an amine-type silane and there 
ifter dried. This finish is recommended for 
use with phenolic, epoxy and melamine 
resins The laminates show excellent wet 
and dry properties and will meet the re 
quirements of MIL-R-9299 and MIL-R 
9300, latest revisions. It is outstanding for 
use with high-temperature phenolics 

@ 1-516 Finish— This is an improved 
No, 11] Finish and is used for the same 


purpose . 
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Some Aspects of 


European Practice in 
Electrical Insulation 


Characteristic differences between European 
and American insulating technology. Differ- 
ences in practical applications with regard 
to economu factors and operational specift- 
cations. Class E (120 C) and Class F (155 


C) materials receive considerable attention. 


Cc. H. CAFLISCH, E. DIEHL and H. MOSIMANN 
Swiss Insucatinc Works, Lop. 
Breitenbach, Switzerland 


Enamelied Magnet Wire 


Soon after the introduction of polyvinyl formal enamels 
and enamels based on plasticized phenol and urea resins, 
an attempt was made to use them at higher temperatures 
than the oleoresinous enamelled wires. In the U. S. A., the 
present Class 105 C was taken as a standard, but European 
practice attempted to go further. It was not long before a 
national Class D was introduced in Switzerland correspond- 
ing approximately to the present Class E of the IEC (120 C) 
The synthetic enamel wires were assigned to this class. 

There has always been a tendency in Europe to use more 
rectangular shapes, even for enamelled wires, than is the 
practice in the U. S. Rectangular wires with a polyvinyl 
formal enamel insulation have been used in a succession 
of special applications where the operating temperature is 
in excess of 120 C and where the action of oxygen has been 
eliminated through the absence of direct contact between 
the enamelled coatings and air. For instance, these rec- 
tangular wires are used as conductor elements in the coils 
of large high-tension machines. Except where narraw bands 
are present, no additional intermediate insulation is used. 
Epoxy adhesives are used for cementing, care being ex- 
ercised to ensure that the hardener does not harm the 
enamel wire. When winding Rébel bars with mica insulation 
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and during calibration, the bars reach temperatures of up 
to 180 C. It might be feared that under these conditions 
the enamel would be cut through at pressure points. In 
contrast to polyester enamelled wires, polyvinyl formal wire 
has the advantage that, in this procedure, it does not crack 
under thermal shock. Similar considerations led to the use 
of rectangular wires with a cross-section of up to 50 mm* 
and insulated with polyvinyl formal enamel in traction arma- 
tures. 

The experience gained in these applications was also ex- 
ploited in small motors, but here vacuum impregnation is 
an important condition for success. 


Solid Wire Structures 


Wires with a square cross-section and braided insulation 
are widely used in Europe as conductor elements in the 
coils of large machines, in dry transformers, and magnet 
coils. The service life of the whole insulating system is sub- 
stantially increased if the individual copper cables are so 
strongly bonded with thermosetting agents that, under bend- 
ing stresses, they behave like a solid piece of metal, even 
at elevated temperatures. To obtain this solid structure at 
a minimum cost, the wire is covered or braided with a glass 
fiber which is impregnated with a special epoxide adhesive. 
The insulated wire can be manipulated like an ordinary 
braided wire, is free from tackiness, and the bending proper- 
ties and resistance to abrasion of the insulating material 
reach the usual standard of glass-fiber insulations. After 
winding and shaping, the binder is melted and hardened 
by a short pressing operation. The areas of adhesion have a 
shear strength of more than 700 psi over the whole tempera- 
ture range between —20 and +160 C, which is adequate 
for most cases. 


Slot and Interlayer Insulations 


Apart from pressboards and papers lined with thin films, 
the two following materials are also deserving of mention: 

@ Mica Varnished Cloth. This built-up mica composite, 
laminated on one side with a varnished fabric and on the 
other with a thin paper, a film or another varnished fabric, 
is intended for use in temperature Classes E and B. Grades 
for Class F can also be made. This insulation was developed 
mostly for machines which must be able to start up quickly 
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after a long period of inoperation. Careful selection of the 
run of the thread and the type of weave made it possible 
to obtain flexibility in length and rigidity in width, which 
greatly facilitates application. With good resistance to edge 
tearing at the slot opening, almost no reinforcement is needed 

@ PVC Film and Cloth. This material for slot and layer 
insulation consists of a specially stabilized PVC film pressed 
onto a tear-resistant paper of medium thickness. The ma- 
terial has good resistance to solvents and impregnating 
varnishes. It has proved its value in service as insulation 
in Class E temperatures. Contrary to the case with combina- 
tions of terephthalic ester film (polyester) with paper or 
board, it has the advantage of much higher puncture strength, 
especially in the presence of moisture, and in many instances 
less sensitivity to chemicals, at approximately the same price. 
Similar combinations with films of high molecular polyole- 
fins such as high-density polyethylene or polypropylene have 
not yet become available. 


Polyester Webs 


As terephthalic ester fibers are principally used as the 
raw material, synthetic-fiber webs are also of interest to the 
users of electrical insulations. The webs are sufficiently re- 
sistant to heat for insulations of Class B and probably also 
for Class F, if air is entirely excluded. They are virtually 
insensitive to water. They are manufactured in thicknesses 
of 0.001 in. to 0.02 in. 

The compatibility of the webs with most insulating varn- 
ishes used is excellent. Problems relating to the surface- 
wetting of the fibers by varnishes, such as have cropped 
up with fiber glass, do not occur here. Finishing thus be- 
comes unnecessary. 

After impregnation with elastic varnishes, the webs yield 
sheets which are uniformly elastic in every direction. The 
elasticity is equal to that of bias-cut varnished glass fabric. 
The use of this carrier material for the manufacture of 
elastic insulating tapes effects a considerable saving of 
labor costs by eliminating the work required to shape bias- 
cut tapes. Unlike fabrics, the price of these webs per square 
meter decreases as the thickness is reduced, so that the 
thinnest of these materials are particularly interesting in 
regard to price, as compared with glass or silk fabrics. 

In comparison to cotton or silk fabrics, the polyester webs 
present remarkable technical and economic advantages. 
Apart from their use in hard laminates with useful proper 
ties (particularly in regard to track resistance), these webs 
are being used on an increasing scale as carrier material 
for insulating tapes of every kind. If the elasticity is too 
great, tensioned threads can be incorporated lengthwise and 
firmly united with the web. The tear resistance and elas- 
ticity of these webs varies according to their structure. 
Tearing lengths between 1000 and 4000 meters have been 
measured for webs not reinforced with longitudinal threads 
(the tearing length is the theoretical freely suspended length 
of tape which would break at the upper end under its own 
weight). This measurement of strength is dependent on the 
thickness of the web only to a limited degree. The elonga- 
tion at break of the non-reinforced web is generally in excess 
of 15 per cent. 


The following applications have been investigated so far 
and some have been successfully put into production: 


a. carrier for standard mica tapes 

b. varnished tapes with oleoresinous or polyurethane varnishes. 
and flexible laminates made therefrom 

c. covering tapes for insulations made from pure web, serving 
primarily to improve the appearance and water resistance of 
vacuum-impregnated insulations. 


Flexible Mica Materials 


Difficulties in manipulation encountered during the wind- 
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ing of very long bars is the reason the continuous winding 
method has steadily gained ground in Europe in recent 
vears. In addition to the classical method of insulating with 
mica tape which is subsequently impregnated under vacuum 
everal times with asphalt, depending on the number of 
layers, mica-tape insulations combined with thermosetting 
resins are of growing importance. The mica tapes involved 
are either strongly impregnated tapes or impregnatable mica 
tapes which, when wound, can be impregnated with resins 
under vacuum in one operation. Epoxide resins showed them 
selves to be superior to bonding agents based on polyesters, 
for they enabled insulations to be obtained with a permanent 
resistance to temperatures of between 150 and 160 C. 

Homogeneous insulations of unprecedented thermo-me 
chanical strength are obtained with tapes based on mica 
paper. In these insulations, the superiority of the readily 
impregnatable mica paper over mica splittings is plain. 
Moisture resistance and resistance to chemical attack are 
some of the other outstanding features of such insulations 
For this reason, they are finding increasing application as 
pole coil insulations in traction motors which are exposed 
to rain and melted snow. 

In order to permit manufacturers with no impregnating 
means of their own to fabricate thermosetting insulations, 
a mica-paper, glass-silk tape strongly impregnated with a 
flexible binder was created. This tape is wound cold under 
high tension and the winding is then pressed into shape 
and cured in a hot press or in heated molds. For machines 
operating in temperature Class H, a flexible, strongly ad- 
hesive foil or tape of mica paper and glass-silk cloth with 
silicone resin is used. Thorough impregnation of the mica 
paper sheets permits the manufacture of slot sleeves with 
great mechanical strength, even at high operating tempera 


tures 


Dry Thermosetting Molding Web 


The technique of manufacturing large insulating moldings 
out of glass fibers with thermosetting resins has become 
widespread. Shapes of such material are used as insulating 
coverings with good adhesive properties for machines, as 
components of large switches, as covers over connections be 
tween insulated conductors, as ducts for cooling gases in 
the winding heads of large machines, for filling intermediate 
spaces, and for many other applications. 

Since the fluid-resin mixtures are difficult to handle for 
non-specialized facilities, varnished webs ready for molding 
have come into general use in small-batch fabricating and 
for repair work. 

Webs of glass staple fiber, more than natural fabrics or 
moisture- and heat-resistant synthetic fibers, are usually 
used as a support. The bonding agent which accounts for 
60-80 per cent by volume is an unhardened, soft polyester 
or epoxide resin which is virtually free of tackiness at room 
temperature. Such webs are obtainable in thicknesses of 
more than 0.004 in. They can be draped around surfaces 
which cannot be taped and can be hardened under gentle 
pressure at temperatures between 120-160 C. The shapes have 
bending strengths of 10,000-22,000 psi after hardening and 
a shear strength in excess of 2,800 psi when adhering to 
metal. 


Special Application Problems and 
Related Research 


Insulating methods involving taping and winding with 
wrappers have long been common practice. These methods 
are still the only possible procedure with mica material and 
ire the most expensive in regard to both cost and labor of 
all the different insulating techniques. Efforts have been 
undertaken in Europe to simplify the application of tape 
material or to replace taped insulations by other material. 

An increasing number of machines are being put on the 
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market by various manufacturers for taping bars and coils 
mechanically. Taping the straight parts of long bars with 
the best machines results in time savings of up to 75 per 
cent. Mechanical taping does not always achieve the desired 
quality at sharp bends. These parts are therefore usually 
insulated by hand. Applying mica tape by means of a 
machine calls for the greatest uniformity in the distribution 
of the mica on the carrier. This is not always easy to 
achieve, particularly for tapes with a small binder content 
such as are used for vacuum-impregnated insulations. Mica 
paper is distinctly superior in this respect, provided a sup- 
port is used which does not stretch too much on wrapping. 
On the other hand, thin bars, such as are found in the rotors 
of a-c traction motors, are frequently no longer insulated 
with tape, but braided or sometimes furnished only with an 
enamel insulation. Such applications call for a very high 
flexibility of the wire, resistance of the insulation to heat 
shock, and the ability to be squeezed through at pressure 
points under heat. 

Numerous attempts have been made to replace mica or 
mica-paper tapings for high-tension windings by simpler 
procedures such as casting the insulant around the part or 
shrinking an insulating sleeving over it. So far, these methods 
have been unsuccessful because of insufficient electric or 
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mechanical strength under constant voltage. 

The authors do not believe that any fundamentally new 
techniques will be introduced on a broad basis during the 
next few years comparable, for instance, to the recently 
introduced thermo-hardened mica-paper insulations for high- 
tension applications and terephthalic ester films for low- 
tension insulations. 

The main research effort will be directed first toward 
achieving more economical manufacture of insulating ma- 
terials by extensive mechanization and automation and, sec- 
ond, by a careful study of reliability of materials and proc- 
esses. The purpose of this is to standardize for manufacture 
the simplest insulating systems capable of affording greater 
reliability under given conditions. The strong enphasis on 
economical production and reliability in service has led to 
the greater interest of the laboratories in aging tests on 
whole systems, or prototypes of systems, under intensified 
operating conditions. It is realized that it is not the proper- 
ties of the insulating materials themselves, but rather their 
compatibility with the other materials used during con- 
struction of systems and components that ultimately decides 
the service life of the completed unit. In the light of this 
knowledge, the electrical industry is obliged to study these 


influences. Oo0O0 


Insulation Standards and 
American Design Practice 


This discussion reviews the impact of the 
various economic and technical forces at 


work. 


J. F. DEXTER, Manager* 
Electrical Section 

Product Engineering Laboratories 
Dow Corning Corroration 
Midland, Michigan 


FOREIGN-MADE equipment offers competition both on our 
domestic market and on the world markets. The competi- 
tion has its roots in different concepts of materials evalu- 
ation and materials’ capacities. It is therefore essential 
for the American engineer to have a realistic understand- 
ing of this competition. His participation (whenever 


feasible) in the work of international standardization 


* Mr. Dexter is Chairman, Working Group N (Temperature Properties of 
Materials) of Technical Committee No. 15 (Electrical Insulation Materials) of 
the International Electrotechnical Commission. He is a member of the | Ss 
felegation to this year's international meeting in New Delhi, India, and has 
been a member of the I S. delegation in previous years. Mr. Dexter is alec 
the Chairman f the AITFE Electrical Insulation Committes 
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organizations and his knowledge of international stan- 
dards will help to gain this understanding. 


Effect of World Competition on American 
Equipment Design 


During the past two years, substantial orders for 
power generators, turbines and transformers have been 
obtained in this country by foreign manufacturers. 

Traditionally, the entry of foreign-made products on 
our market is attributable to lower labor costs abroad. 
This, to a considerable extent, is still true. However, the 
situation has been changing. The competitive position of 
foreign-made equipment is now, to a noticeable extent, 
the result of research developments, design practices and 
application techniques that provide certain sales advan- 
tages in costs and performance ratings. 

In the past, European industrial countries have not had 
large internal markets for electrical equipment. Conse- 
quently, production of electrical equipment was geared 
to satisfy the requirements of an export market. Equip- 
ment was tailored to meet the standards of countries to 
which it was sent and to the specific requirements of in- 
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dividual customers. Under these circumstances, mass 
production was not feasible. In contrast, the vast internal 
market in the U. S. encouraged mass-production methods. 

With the rise in economic prosperity throughout the 
industrial world, labor and materials costs are increas 


ing. To maintain costs in competitive world markets, 


mass production methods are being adopted. And to make 


mass production possible and economical, international 
standards must supersede national standards. The estab- 
lishment of such trading areas in Europe as the Common 
Market? group previously mentioned and the European 
Free Trade Association (The Outer Seven) has lent 
further emphasis to international standardization. An 
example of this trend is the International Commission 
on Rules for the Approval of Electrical Equipment, an 
organization devoted to standardizing the design and 
performance of equipment among the Common Market 
nations. Electrical equipment imported into this market 
area must comply with standards adopted by this organ- 
ization. Recently the British Electrical and Allied Manu- 
facturers Association (BEAMA) announced that it sup- 
ported efforts to secure common engineering standards 
for the Outer Seven and the Common Market groups of 
nations. 

In the export markets, the adoption of international 
standards for electrical equipment will help U. S. manu- 
facturers to apply their mass-production skills. True 
enough, if international standards were adopted in this 
country, foreign manufacturers would probably find it 
even easier to compete in our domestic market because of 
low costs. However, since we no longer live in isolation, 
such price competition, whether it is in domestic or 
world markets, must eventually be met. 

On the other hand, the world market for electrical 
equipment is growing rapidly. Some examples are the 
estimates given in a “Survey of the European Common 
Market for Electrical Products” prepared by BEAMA. 
Total expenditures on electrical goods by the six coun- 
tries in this group during the 5-year period 1959-1963 
will be $39.2 billion, rising from $6.4 billion in 1958 to 
an estimated $9.2 billion by 1963. Additional markets 
are developing at similar rates of expansion in almost 
all parts of the world. U. S. manufacturers must compete 
for this business. 

U. S. industry has proved itself capable of meeting 
such challenges by applying innovation, automation and 
skilled design to achieve high productivity and lower 
costs. Since standardization has been one of the major 
tools of mass production, U. S. designers cannot continue 
to ignore international standardization activities. As 
already stated, evidence indicates a trend toward the 
recognition of international electrical equipment stand 
ards by the major industrial countries of the world and 
the willingness to supersede national standards. It is 
important that American engineers take an active part 
in the development of international standards to make 
sure that the American viewpoint is well presented and 
understood. 

Because performance and application specifications 
and temperature classification of insulating materials 
have so great an influence on such design factors as size. 
weight and cost, participation in activities concerned 
with insulation standards is particularly important. 


Austria and Portuga 


Summary of International Standards on 
Electrical Insulation 


What are the international activities dealing with 
electrical insulation? What progress has been made? 
Who does the work? Most of the work on international 
insulation standardization is done within the framework 
of the IEC (International Electrotechnical Commission). 
Established in 1904, the IEC prepares international 
standards pertaining to electrical equipment. Its fune- 
tions can be compared with the standardizing activities 
of AIEE, ASA, ASTM and NEMA, but on an internation- 
al scale. IEC is divided into 45 Technical Committees 
concerned with various electrical equipment. The U. S. 
is represented on most of these committees, and meetings 
are attended at least every two years. Two committees 
most concerned with insulation are TC-2C, Classification 
of Insulating Materials, and TC-15, Electrical Insulating 
Materials. Other committees may be concerned to a 
lesser extent in materials as they affect the ratings, 
safety or performance of specific equipment. Committee 
C-61 on Plastics may also prepare electrical standards 
pertaining to plastics materials, but TC-61 generally 
looks to TC-15 for electrical test standards. Close liaison 
is maintained among these groups. IEC insulation stand 
ards and test methods that have been issued and those 
that are in final approval stages are listed in the a 
companying table. 

International standards on insulation can be divided 
into two areas: 


o Standards concerned with electrical fest meth 
ods and material specifications. (These standards are 
similar in content to ASTM D-9 test methods.) 


Standardizing test methods for evaluating the electrical 
properties of materials will provide a common base for 
comparing the properties of materials. Misunderstanding 
will be minimized and the exchange of technical informa 
tion will be simplified. A problem exists, however, in pre 
paring such standards. Since some test methods may have 
been in use for many years in a given country, it is naturally 
dificult, if not impossible, to replace a national standard 
immediately by a different international standard. To re« 
oncile these standard may 
For example, the recent IEC 
draft standard for measuring electric strength of materials 


problems, the international 


include several alternates 


lists several electrode configurations, each of which is a 
favorite in some member nation. These duplications are 
unavoidable, but the standards are no less useful because 
at least the American engineer has a document that describes 
the methods in use. 

Familiarity with IEC insulation test methods is also im 
portant because they are being included in many national 
equipment specifications much as ASTM methods are refer 
enced in our national specifications 

For example, the International Commission on Rules for 
the Approval of Electrical Equipment is writing perform 
ance requirements on materials used in electrical equip- 
ment into its specifications based upon the IEC tracking 
test (see Item F in the Table). Equipment sold in member 
1 here 


is also interest in adopting test procedures for establish 


countries must comply with these specifications 


ing the thermal endurance of insulating materials. 

Another example is the fact that the IEC Ships Equip- 
ment Committee has asked TC-15 for help in establishing 
standards for defining and evaluating moisture-resistant 
insulating materials, Use of international standards such as 
these is bound to influence the selection of materials used 
in equipment designed in this country 
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e Standards concerned with evaluating thermal 
endurance and classification of temperature ratings 
of insulating materials and systems. It is in this area 
that particular attention must be paid. 


Thermal endurance of insulation is a primary factor in 
determining the life of electrical equipment in relation to 
its operating temperature rise. Furthermore, the values 
selected for allowable temperature rise for insulation, and 
the standard ambient temperature used for a base in deter- 
mining temperature rise, determine to a great extent the 
size and weight and the cost of equipment. To be competi- 
tive, the rating of electrical machines built for worldwide 
markets should be based upon a uniform international 
standard for evaluating and classifying the temperature 
ratings of insulating materials and systems. 

If international standards differ from the U. S. standard, 
it may be difficult for us to compete in countries that have 
adopted the international standards since costly special 
design and production engineering would be required. Such 
costs would negate any advantage that our mass-production 
methods afford. An example will illustrate the importance 
of this situation. 

In Western Europe, each country has in the past had 
its own standards covering the definitions of insulation 
classes and allowable temperature rise for such eavipment 
as integral-horsepower induction motors. These national 
standards are rapidly being replaced by recent revisions of 
IEC standards such as: Publication No. 34, Rules for Elec 
Publication No. 85, Recommendations 
for the Classification of Materials for the Insulation of 
Electrical Machinery and Apparatus in Relation to Their 
Thermal Stability in Service; and Publication No. 72 


trical Machinery; 


Dimensional Standards for Motors. 

IEC No. 34 is similar to ASA C-50, and covers such items 
is class of insulation, temperature rise, dielectric tests, 
overloads and determining efficiency and tolerances. TEC 
No. 85 is similar to AIEE Publication No. 1 in that the 
insulation classes are defined. IEC No. 85 defines Class E 
insulation at 120 C hottest-spot temperature, which has not 
been recognized in the U. S. Class E insulation consists of 
modern materials that are used in our Class A (105 C) 
systems. The temperatures assigned to the other insulation 
classes, A, B, F and H, in No. 85 are the same as those listed 
in AIEE No. 1. While IEC No. 85 still lists Class A, prac- 
tically all motor manufacturers in Europe are rating their 
equipment at the Class E temperature rise. This additional 
15 C means that more horsepower can be built into a given 
frame 

Since frame dimensions specified in IEC Publication No. 
72-1 are essentially the same as NEMA dimensions, Class E 
motors will be rated at substantially higher horsepower than 


American Class A motors of the same frame size. In respect 


to Class A ratings, Class FE ratings can be increased by a 
factor of 2.75 in sizes up to 3 hp, 2.5 from 3 to 10 hp, and 
2 in sizes larger than 15 hp. It is likely that these ratings 
will be included in IEC standards. These differences in rat- 
ings of motors and other equipment built to Class E tem- 
peratures may have competitive advantages over American 
Class A rated equipment. 

To classify insulating materials and systems, test proce 
dures for evaluating thermal endurance are needed. The 
philosophy evolved in the U. S. following World War II 
that the temperature rating of insulating materials should 
he determined by test rather than by definition based upon 
chemical composition has been adopted internationally and 
is so stated in IEC No, 85. Working Group No. 7 of TE-15 
has the responsibility for preparing test procedures for 
evaluating the thermal endurance of materials. Two test 
standards prepared by Working Group No. 7 are in the final 
stages of approval in IEC (See Table, ltems G and H). 
These standards are almost identical to AIEE No. 1D and 
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International Electrical Commission (IEC) 
Standards on Electrical Insulation 


Issued (or in the Final Stages of Development) 


. Recommended Methods of Test for Electric Strength 
of Electrical Insulating Materials at Commercial 
Power Frequencies. IEC Document 15 (Central Of- 
fice) 20. 

. Recommended Standard Conditions for Use During 
the Conditioning and Testing of Electrical Insulating 
Materials. TEC Document 15 (Secretariat) 32. 

’. Standard Methods of Test for the Determination of 
the Insulation Resistance of Solid Insulating Mate- 
rials. IEC Document 15 (Central Office? 22. 

. Recommended Methods of Test for Volume and Sur- 
face Resistivities of Electrical Insulating Materials. 
IEC Publication No. 93. 

>. Recommended Test Cells for Measuring the Resistiv- 
ity of Insulating Liquids and Methods of Cleaning the 
Cells. IEC Document 15 (Secretariat) 23. 

. Method for Determining the Comparative Tracking 
Index of Solid Insulating Materials under Moist Con- 
ditions. IEC Publication No. 112. 

>. Guide for the Preparation of Test Procedures for 
Evaluating the Thermal Endurance of Electrical In- 
sulating Materials. IEC Document 15 (Central Office) 
21. 

. Test Procedure for the Evaluation of the Thermal 
Endurance of Enamelled Magnet Wire, Part I. Evalua- 
tion by Loss of Electric Strength. TEC Document 15 
(Central Office) 19. 
Rules for Electric Machinery. IEC Publication No. 34. 
Recommendations for the Classification of Materials 
for the Insulation of Electrical Machinery and Ap- 
paratus in Relation to their Thermal Stability in Serv- 
ice. IEC Publication No. 85. 


No. 57,* from which they originated. Test procedures for 
evaluating other insulating materials are being worked on. 

IEC Committee TC-2C, Classification of Insulating Ma- 
terials, is studying AIEE Test Procedures Nos. 510 and 51) 
for evaluating the thermal endurance of insulation systems. 
It is likely that international standards will evolve from 
these AIEE procedures. So far, the AIEE and IEC proce- 
dures provide the test method only and no standards have 
been set for establishing the temperature rating of materials 
or systems using the data obtained in testing. To complete 
the cycle required to classify insulating materials and sys- 
tems, base lines or life criteria must be established. Since 
these values impinge upon commercial considerations, at- 
tempts by AIEE committees to establish such criteria have 
failed. It has been suggested that this responsibility should 
fall within the scope of NEMA, but little work toward this 
necessary goal is so far evident. 


Active participation in the preparation of international 
standards is the best assurance that the American view- 
point is considered and understood. Since the impact of 
international insulation standards will eventually be felt 
by American design engineers, participation should con- 
tinue and compromises must be accepted to reconcile 
differences among U. S. standards and proposed inter- 
national standards. American design engineers cannot 
be complacent nor secure in their feeling that the Amer- 
ican way is always the best. In those areas where the 
United States has already provided leadership, as in 
functional evaluation, we should maintain our position. 

omen. 
*AIEE 1D, “Guide for the Preparation of Test Procedures for the Thermal 


Evaluation of Electrical Insulation Materials’’; AIEE 57, “‘Test Procedure for the 
Evaluation of the Thermal Stability of Enamelled Wire in Air 





Research Progress 
in Dielectrics— 1960 


Dielectric studies of specific classes of mate- 
rials, such as glasses, metal-filled epoxies, 
vinyl tapes and polyolefins, marked the 
1960 NAS-NRC Conference on Electrical 
Insulation. Equally prominent were papers 
describing new test methods for investigat- 
ing insulation deterioration and breakdown. 
Radiation effects on polyvinyl chloride. 
polyvinyl fluoride and polyester films, as 
well as on commercial glasses, were dis- 
cussed. Loaded foam dielectrics and printed- 
wiring boards for microwave applications 


were among the other subjects explored. 


Fourteenth Consecutive Annual On- 
the-Spot Review of the Conference on 
Electrical Insulation, Division of Engi- 
neering and Industrial Research, Na- 
tional Academy of Sciences—National 
Research Council. 





Four MAJOR AREAS of research characterized the Twenty- 
Ninth Annual Meeting of the Conference on Electrical 
Insulation of the National Academy of Sciences-National 
Research Council (17)*, held at the National Bureau of 
Standards, Washington, D. C., October 17, 18 and 19: 


a. dielectric behavior of specific classes of materials 

b. test and measurement (apparatus, techniques and signifi 
cance of results) 

ec. nature of electrical deterioration and breakdown 

d. theoretical considerations. 


More than one speaker stressed the necessity of inter- 
preting dielectric properties of materials in terms of funda 
mental phenomena. The close relationships of basic research 
to the practical endpoints of systems and equipment design 
parameters were also stressed. A summary and interpreta- 
tion of the papers follows 


e A preliminary report of a study of the effects of corona 
on vinyl tapes by Murray Olyphant, Jr.. Minnesota Mining 
and Manufacturing Company, provided information on the 
following: 


a. corona resistance as a function of electric stress, humidity 
and type of electrodes; 

b. the effect of lap geometry in taped constructions on time 
to failure; and 

c. the local surface resistivity of eroded specimens and its 
effect in determining the location of breakdown 


It was noted that despite the extensive use of vinyl tapes 
in high-voltage applications, there has been a dearth of 
published information on this subject 

The test method utilized 14-in.-square foil lower elec- 
trodes, to which 2-in.-square specimens of the tape were 
attached. The upper electrodes were of two types: (a) Y9-in 
diam x %-in. long Type 309 stainless steel with rounded 
edge as specified in the Suggested AST M Method for Corona 
Resistance, or (b) a %%-in. diam Type 302 stainless ball 
Conclusions drawn from this investigation were given as 


follows: 


1. Vinyl tapes exposed to 50 per cent RH can resist corona 
for prolonged periods at voltages several times the corona 
starting voltage 
2. The variation of corona resistance with humidity i” a 
function of applied voltage 

3. Variation of corona behavior with lap construction can 
be partly accounted for by accompanying variations in the pattern 
of conductive residue 

1. Tests in a humid atmosphere are affected by a number of 
competing and extraneous factors. Tests in a dry atmosphere 
probably provide the best measure of inherent resistance of the 


inyl tapes to corona 
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Table | — Properties of Metal-Filled Liquid Epoxy Resins 


Composition of mix- | 

ture-——-100 parts by 

weight of resin plus 
indicated pbw of 
aluminum filler 


Volume of 
aluminum, 
“, of total 


Density, 
gm/cc 


no filler 16 0 
+10 pbw Al 18 4 
+30 pbw Al #1 26 11 
+50 pbw Al #1 35 17 

+100 pbw Al #1 54 29 


+10 pbw Al #2” | 

+30 pbw Al #2 28 
+50 pbw Al #2 38 
+100 pbw Al 42 48 


», 123 finely divided alumi: 
m needle-like particles, %& in. long 


m powder 





Fig. 1 - Corona resistance of vinyl tape (Scotchbrand No. 22) 
vs type of electrode, humidity, and voltage stress. 


Comparisons of tape performance unaer different con 
ditions of stress and humidity are shown in Fig. 1. 
Another specific example of the data developed from this 
investigation is given in Fig 2. This photograph shows 
the variation in patterns of erosion for the ASTM and ball 


electrodes at 5 per cent RH and 90 per cent RH. 
e The influence of metallic fillers (primarily aluminum) 
on properties of plastics was studied by means of mixtures 


of various fillers and liquid epoxy resins. The results of 
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Modulus of 
elasticity 
in flexure, 

psi X 10° 


Dielectric 
constant at 
1 ke and 


| Thermal Volume resistivity 
conductivity, . - 


cal/cm/sec , iy 200 F, 


cm*/deg C ohm-cm X 10"* | ohm-cm 10? | R.T. 


0.00054 1.0 6 
0.00059 1.1 

0.00075 0.89 

0.00100 0.81 

0.00150 0.45 


0.00065 
0.00076 
0.00085 
0.00120 


Ball — 5°, RH 


ASTM — 5% RH ASTM — 90% RH 


Fig. 2— Variations in patterns of corona erosion for vinyl tapes 
are shown for tests using ASTM and ball electrodes, and at 5 
per cent and 90 per cent RH, as indicated. For both ASTM and 
ball electrodes in a dry atmosphere, failure occurs at the edge 
of contact with the electrode. In a humid atmosphere, the dis- 
charge strikes to the boundary of a band of conductive residue 
and breakdown occurs at some distance from the electrode. 


such studies were reported by John Delmonte, Furane 
Plastics, Inc. The test specimens (‘g-in. sections cast be- 
tween two vertical sheets of glass plate) were cured at 
room temperature, followed with a post-cure for 1 hr at 
200 F. Other metallic materials (lead powder, copper 
powder and Fe,O, powder) were also investigated. ASTM 
methods were used, except where otherwise noted. The data 
in Table I indicate the effects of the aluminum fillers. 
Among other conclusions noted was the fact that, with 
high metallic-filler concentration, thermal conductivity is 
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100 tan & 


Fig. 3 — Dissipation factor at 100 cps as a function of tempera- 
ture for (1) window glass, (2) Pyrex, (3) Vycor, (4) glass H, 
and (5) glass G. 


>> 
Fig. 4 — Resistivitytemperature rela- 
tionship for the five glasses of Fig. 3. 


improved about five-fold when compounding and cure ar 
performed at atmospheric pressure. Volume resistivity shows 
the influence of metallic fillers and their surface conditions 
much more significantly than thermal conductivity. Unex- 
pectedly, a lack of correlation was encountered between 
changes in thermal conductivity and electrical conductivity 
The oxidized surfaces on the filler particles are presumably 
a more serious deterrent to electrical conductivity than to 
thermal conductivity. 

e Chikara Hirayama and Daniel Berg ( Westinghouse 
Research Laboratories) reported on the dielectric properties 
of five glasses of varying sodium and potassium content, as 
shown in Table II. The study was based on the fact that 
(a) the electrical conductivity of most inorganic glasses 
is electrolytic in nature and is usually determined by the 
alkali metal content, and (b) that glasses containing the 
highly mobile alkali metal ions exhibit high dielectric Josses 

The d-c resistivity, dissipation factor and dielectric con 
stant were measured at frequencies from 0.1 to 300 kilocycles 


Table I! — Composition of Glasses 








500 C lypi al 


28 to 


The resistivity-tem 


and at temperatures ranging from 
results at 100 cps are shown in Fig. 3 
perature relationship is shown in Fig. 4. The resistivities 
and the dissipation factors shown in these curves clearly 


indicate the effect of sodium on these properties. The 


higher the sodium content, the higher the conductivity at 


any temperature Also, the higher sodium-content glasses 


have a lower activation energy. The rapid increase of the 


tan 8 with temperature occurs at lower temperatures for 


the higher sodium-content glasses 


e R. W. Tucker, M. Schwarz and M. Maienthal, Diamond 


Ordnance Fuze Laboratories, dealt with the electrical 


properties of some bicyclic nitriles, compounds that are in 
Polar organi 


the category of so-called “rigid rotators.” 


materials, which have high dielectric constants in the 
| 


liquid state, usually have low dielectric constants when 
solid. The explanation for this behavior is this: the material 
solidifies, the dipoles are “frozen in,” and the molecules are 


no longer able to orient themselves in the field. The rigid 


Weight per cent of the oxide 


Glass ’ CaO 


Window 10 0 
Pyrex* i 0.4 

Vycor* 0 02 

G* 16 

H® 19 


ng Glass. “High-resistivity alkali-free glasses 


MgO Al,O PbO 


0 6 
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rotators do not follow this general pattern of behavior; they 
retain their freedom of rotation in the solid state and there- 
fore have high dielectric constants at well below their melt 
ing pomnts 

The present DOFL project has for its objective a mole 
cular interpretation of rigid rotators of larger rotational 
radii than previously studied by other investigators, It is 
intended to obtain modification of dipole moments and the 
sphericity of these compounds by varying their configura- 
tions, It is also intended to determine dielectric properties 
at various temperatures and to observe the temperature 
transition points. Preliminary work indicates that small 
structural modifications produce large effects on the elec 
trical properties. 

The bicyclic nitriles have interesting practical possibili- 
ties. One compound, 2-cyano-(2,2,2)-bicyclo octane, has a 
dielectric constant near 16 from —90 C to well above room 
temperature. To the authors’ knowledge, this compound has 
the most stable high dielectric constant over the widest 
temperature range of any organic material 


e The results of an extensive study of the nature of 


hygroexpansivity of cellulose papers and the factors that 
affect it were reported by T. D. Callinan, J. S. Crimi, 
P. Schwarz and L. H. Wirtz, International Business Ma 
chines Corporation Research Center. Hygroexpansivity of 
paper is of practical importance. Dimensional changes that 
paper may undergo during fabrication of such electrical 
structures as cables, transformers, and capacitors may 
affect their operational characteristics. The 
authors pointed out that, although many investigations have 


appreciably 


been made of the phenomenon, most of the work has been 
hampered and made useless by the failure of the researchers 
to establish repeatable data. It was the purpose of this 
work to determine why the observed effects were not re- 
producible within close limits and, also, from the results 
obtained, to understand the mechanism of hygroexpansivity. 

The papers studied were subjected to humidity cycles 
between 0 and 98 per cent RH. Typical results are shown 
in Fig. 5. On being subjected to increasing humidity, the 
paper expands until it equilibrates at 75 per cent RH, after 
which it shrinks as the relative humidity is raised to 98 
per cent. On being dried, the paper decreases in length 
permanently. Subjecting the sample to more humidity cy 
Four cycles 
were required before reproducibility was obtained 


cling results in even more permanent shrinkage 


Studies of five commercial cellulose papers established 
that all were originally in various states of strain amount 
ing to between 0.06 and 0.1 per cent. The strains can be 
attributed to the dynamics of the paper-making process. 
De-straining was achieved by subjecting the papers to 
high relative humidities (98 per cent) tor periods of 48 
hr and by drying slowly without tension. After being de- 
strained, the papers exhibited reproducible hvgroexpansivity 
coeficients and showed little if any hysteresis. The magni- 
tude of hygroexpansivity was almost twice as great in de 
strained or relaxed as in strained or unrelaxed paper. The 
study showed that the failure of earlier investigators to 
establish reproducible results could be traced to their use 
of strained papers 


e Direct current and impulse measurements of the break- 
down strength of rutile single crystals were made by Dean 
A. Powers, Massachusetts Institute of Technology, and Inge 
Johansen, Norges Tekniscke Hdgskole, Trondheim, Norway. 
both parallel and perpendicular to the optic axis. Three- 
terminal measurements of d-c current as a function of time 
and voltage were made on thin planar disks with optically 
ground and polished surfaces. For the field applied parallel 
to either axis, with field strengths of the order of 1 kv per 
cm or greater, the current increased with time until thermal 
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Fig. 5The hygroexpansivity of a Kraft paper subjected to a 
number of humidity cycles. 


breakdown took place at a power density level of about 
2 kw per ce for the particular sample size and test cell 
used. Currents with the field parallel to the optic axis were 
about 4 decades larger than those in the perpendicular 
direction for equal field strengths. The corresponding d-c 
reakdown strengths, 20 kv per cm parallel and 150 kv 
per cm perpendicular to the optic axis, are not related to 
the intrinsic strength of the crystal. 

Impulse measurements at 1] psec rise time required special 
techniques of sample and electrode preparation in order 
to prevent field distortion and surface breakdown. Break- 
strengths of 570 kv/cm perpendicular and 690 
kv/cem parallel to the optic axis were measured. Although 
the current density in the parallel direction rose to ap- 
proximately 100 amp per cm? just before breakdown, the 
estimated temperature rise of only 1 deg C gave no indication 
of a thermal breakdown. 


down 


e A continuing report on his studies on the thermal deg 
radation “elevator effect” in various polymers, (2) particu- 
larly for polychlorotrifluoroethylene (CTFE) was presented 
by Roy R. Divis, Amphenol-Borg Electronics Corporation. 
The designation “elevator effect” refers to the phenomenon 
of a sudden rate of weight loss of the polymer after heat- 
ing has been conducted for a period of time. A correspond- 
ing increase in the rate of molecular-weight degradation is 
also apparent. The present work dealt with the presence or 
absence of this effect in certain other polymers. Phenolic, 
epoxy, polyester, diallyl phthalate, and modified silicone 
materials showed no evidence of this effect. Some evidence 
of the elevator effect was shown in the examination of 
chlorinated polyether (Penton), nylon, low-density poly- 
ethylene and high-density polyethylene, but the magnitude 
of the effect is much smaller than that observed for CTFE. 

Also investigated were appropriate techniques that could 
be successfully utilized for the elimination of the elevator 
effect. Samples of CTFE prepared with different poly- 
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Poly (Methyimethacr Table i! — Characteristics of Resonant Cavities 


lens with fiducial 
Resonant frequency, 
mc 
Sample Sample 
Cavity size size location 


Micrometer , 2’ cube Center | 147 
Corner 
Centered 
against 
long side 


2 cube 


4° cube Center 
Corner 


4'’ cube Center 940 
Corner 


\ 
\ Scott and William P. Harris of the National Bureau of 
zy Standards. Figure 6 shows the construction features of the 
suorded holder. Ball reference gages are employed to determine the 
electrode separation of the electrodes to +1 micron. Residual losses 


Se 4 n” in the guard-ring holder (also in the Schering bridge 


est 
standard capacitor), caused by losses in surface films on 


the electrodes and by series resistance in the leads, were 

accurately measured. By means of the corrections thus ob 

tained, the holder can be used to measure the loss angle 
Steotite of low-loss dielectrics with an accuracy of a few micro 
radians 


Fig. 6 — Construction features of a guard-ring micrometer-elec- Since the investigation was conducted under several con 


trode holder for solid-disk dielectric specimens. ditions 
determine the residual losses of the specimen holder as a 


of ambient relative humidity, it was necessary to 


function of relative humidity. Examination of measurements 
made at frequencies of 100 eps, 1 ke, 10 ke and 100 ke with 
the holder in a very dry atmosphere (< 1.5 per cent RH) 
and in a 52 per cent RH atmosphere show that the inter 
cepts on the curves (corresponding to the values of the 


merization initiating methods were studied. A number of dissipation factor of the standard capacitor) are nearly the 


stabilizing agents for CTFE were also investigated. The same for the two sets of measurements. The higher relative 
most effective agent was found to be chlorine gas. The humidities, it was noted, cause an increase in the loss angle 
chlorine treatment not only prevented thermal discoloration observed. This effect is more pronounced at the lower fre- 
and decreased molecular-weight degradation, but also quencies. 

eliminated the elevator effect, regardless of the polymeriza- 


tion methods used. e In another paper from the National Bureau of Stand 


ards, D. J. Scheiber described an ultra-low-frequency bridge 


e A guard-ring micrometer-electrode holder especially used to measure the parallel capacitance and conductance 


designed for making dielectric measurements on solid-disk of dielectric specimens at frequencies between 0.1 and 200 
specimens of low-loss materials was described by Arnold H cps.. Provided the resistance across the detector terminals 


Pos tion 


Fig. 7 — Positioning a 2-ft cube specimen of metal-loaded foam polystyrene in resonant cavity A for making indicated measurements 


of dielectric constant. 
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Opi 


Fig. 8 — A technique for measuring the two components of di- 
electric loss (tan 4, and tan 4,,) of a loaded foam polystyrene 
by cutting the cube specimen into thickness S and measuring 
pairs of these at the end and in the center of the resonant cavity. 


is sufficiently high, capacitances between 0 and 100 pf 
are measured to an accuracy of +(0.05 per cent to 0.002 
pf). Conductances between 10°° and 10°** mhos are meas- 
ured to an accuracy of +(1 per cent + 3f * 10°*° mhos) 
where f is the frequency in cps. Results of measurements 
on some materials were presented. 


e Novel resonant-cavity techniques for the evaluation of 
metal-loaded polystyrene foam dielectrics for microwave ap- 
plications were described by D. Edelson, W. A. Yager and 
W. McMahon, Bell Telephone Laboratories. Large rec- 
tangular TE101 cavities were used. The characteristics of 
the four cavities used are given in Table III. Owing to 
the nature of the dielectric investigated, samples of ade- 
quate size were required to assure representative average 
measurements. For laboratory studies, a 4in. cube was 
selected; for production quality control, a 2-ft cube. 

Cavity A may be used to determine uniformity of di- 
electric constant in a 2-ft cube by centering the cube 
against the long side of the cavity and making four meas- 
urements as shown in Fig. 7. Cavity B, on being filled with 
the dielectric, measures only the sum of tan 8, and tan 4,,, 
each weighed according to the electric and magnetic field 
distribution, respectively. By cutting the cube into slabs of 
thickness S and measuring pairs of these slabs at the ends 
and in the center of the cavity (as shown in Fig. 8), the 
two components may be separated. The authors developed 
mathematical means for the required solutions. 

In another paper, the same authors developed the theory 
of dielectric properties of insulating foams containing dis- 
persed metal particles, such as the metal-loaded polystyrene. 
The metal particles were shown to be more efficient than 
particles of high-dielectric-constant materials. The effect 
of particle dimensions and concentrations on dielectric con- 
stant and loss were also discussed. 


e The increasing application of printed-wiring circuits 
at very high and microwave frequencies requires printed- 
wiring boards that exhibit isotropic dielectric constants and 
dissipation factors in both the parallel and perpendicular 
direction. These properties should be relatively unaffected by 
absorbed moisture. Since ASTM methods are not applicable, 
a liquid displacement test method for determining aniso- 
tropic dielectric properties of these materials was developed 
by Kenneth G. Coutlee, Bell Telephone Laboratories. It 
utilizes a previously described small high-frequency test 
cell. (2) A stack of %& in. X % in. X 1% in. test speci- 
mens is immersed in a suitable liquid dielectric between 
the electrodes of the cell, with the specimens oriented in 
either the perpendicular or parallel direction. 


Wide differences in dielectric constant and dissipation 


factor (in both directions) were shown by the various ex- 
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perimental and commercially available sheet or laminate 
materials tested. Samples were conditioned for 24 hr at 
50 C and then immersed in water for 24 hr. Tests were 
made over a frequency range of 1 ke to 61 mc. Measure- 
ments made after immersion exhibited particularly wide 
differences. The greatest anisotropy was shown by the glass- 
filled laminates, somewhat less by mineral-filled (mica or 
quartz) polyethylene. Practically no directional differences 
were shown by high-density polyethylene, TFE Teflon and 
polypropylene. The values for polypropylene and _high- 
density polyethylene are shown in Fig. 9. 


e Test methods for determining the tracking resistance 
of insulating materials were discussed in several papers. 
G. M. L. Sommerman and J. Chottiner, Westinghouse Re- 
search Laboratories, detailed certain modifications in the 
basic apparatus and test procedure of the standard dust- 
and-fog test by means of which the time-to-failure has been 
reduced. The length of time required to obtain failure by 
either tracking or erosion has been a recognized disad- 
vantage of the standard method. An evaluation of other 
methods was presented from the standpoint of speed and 
reliability. Data showing the degree of correlation between 
various test methods were also given. 

An inclined-plane, liquid-contaminant tracking test method, 
described by K. N. Mathes and E. J. McGowan, General 
Electric Company General Engineering Laboratory, pro- 
vides a precise and wide-range control over test variables. 
An extensive variety of service conditions apparently can 
he represented and different types of tracking and scintilla- 
tion erosion can be produced. In the application of this 
test it is necessary to be cognizant of the principal factors 
that control the severity of surface scintillation and therefore 
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Fig. 9 — Dielectric properties of high-density polyethylene and 
polypropylene tested for microwave printed-circuit applications 
by means of a liquid displacement test method. 
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Table IV — Comparison of Initial Tracking 
Voltage, Selected Materials 


Electrode Spacing—2 in. Contaminant—0.1 per cent NH,c! 


Range of initial tracking 
Material * voltage, kv 
Phenolic 
Silicone rubber 
Glass-mat polyester laminate 
Melamine-glass laminate, GMG 
Polystyrene 
Polyethylene 
Polyacetal (Delrin) 
Polypropylene 3 
Polymethylmethacrylate 6.0 


~ 
= 
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only rare flame failure 
Polytetrafluoroethylene 7.0 


only occasional flame failure 


Jed under each 


the tendency to initiate tracking 


a. sample and electrode geometry 

b. contaminant conductivity 

c. rate at which contaminant is applied to the surface 
d. voltage stress 

e. ability of the contaminant to wet the surface 


Critical interrelationships exist. For example, with each 
given conductivity and rate of contamination application 
scintillation can occur over only a limited range of voltage 
stress. 

The chemical nature of the contaminant, the authors 
pointed out, appears to be of secondary importance in 
initiating tracking, but is of primary importance in deter 
mining the rate of erosion. Unfortunately, previous tests 
generally have not emphasized the importance of erosion 
which may be as important a limitation in some applications 
as tracking. The parameters of the inclined-plane, liquid 
contaminant test can be selected to emphasize failure by 
erosion. 

4 0.1 per cent aqueous solution of ammonium chloride 
has been selected as the contaminant for much of the ex- 
perimental tracking program. By increasing the voltage 
in steps, a test endpoint called the “initial tracking voltage” 
can be obtained in 4 hr or less, which permits comparison 
of materials as given in Table IV. 

The values of initial tracking voltage as given in this 
table provide (as does the IEC test*) a comparative track 
ing index for materials with an extremely wide range of 
tracking resistance. It may be theoretically possible, it was 
concluded, to ultimately correlate such test valués with 
service conditions if these conditions can be adequately 
defined 


e A fluid-immersion method for measurement of pet 
mittivity and dissipation factor without using attached ele« 
trodes was described by H. S. Endicott and E. J. McGowan, 
General Electric Company General Engineering Laboratory 
4 common difficulty in methods that use attached electrodes 
is that it is necessary to know the dimensions of the speci- 
mens. The thickness measurement, in particular, is diff- 


cult, especially for relatively thin specimens. An error of 


* IEC International Electrotechnical Come )} Publication N 112(1959) 
Recommended Method for Determining the » Tracking Index f 
Solid Insulating Materials oder Moist ( 
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0.1 mil in a 10-mil specimen may result in a 1 per cent error 
in the calculated permittivity. Even when thickness can be 
readily determined, there is still the problem of applying 


the electrodes. The fluid immersion method (although it 
has its own difficulties) obviates both problems. Liquid 
tight, three-terminal, guarded cells for both sheet and 


evlindrical made for 


specimens are used. Provision is 
circulating a liquid through the guard electrodes to mai.- 
tain a constant temperature. Sample holders are provided 
for the piane electrode cell so that the specimens can be 
inserted repeatedly in exactly the same position 

Both a two-fluid (two-measurement) and a single-fluid 
(single-measurement) method can be used. In the two 
fluid method, measurements of the change in capacitance 
are made, first, when the cell is filled with a fluid having 
low permittivity and again when it is filled with a fluid 
having a higher permittivity. The permittivity of the speci 
men can be calculated using the permittivities of the two 


When the per 


mittivities of the fluid and the specimen are about the 


fluids and the two capacitance changes 


same, and the specimen nearly fills the cell, accurate values 
may be calculated by use of the single-fluid method. The 
method also provides for determination of the dissipation 
factor 

Measurements for the two-fluid method were reported on 
films ranging from 0.7 mils to 10 mils in thickness, with a 
10-mil spacing of the plane electrodes. Air and a dielectric 
liquid were used as the immersion fluids. The results pre 
sented indicate a reproducibility approaching 0.5 per cent 
for dielectric constant, +(5 per cent + 0.0002) for dissi 
pation factor and +2 per cent for sample thickness when 
the specimen thickness is at least half the electrode spacing 

Films tested included TFE Teflon, polyethylene, Mylar 
polyester, and 


polycarbonate (Representative data for 


polycarbonate are shown in Table V, including, for com 
parison, values obtained with gold electrodes evaporated 
onto both sides of the film specimens.) The single-fluid 
method was applied to measurements of filled polystyrens 
using a plane electrode cell. In measurement of polyethylene 
cables, the cylindrical samples also required a cylindrical 
cell. Reproducibility for the 
per cent 


permittivity was about +0.1 


e Two papers dealt with investigations in cable materials 
J. Arbuthnott, Jr.. R. J. Gehm and J. J. Nevin, Phelps-Dodge 
Corporation, propose a method for determining the variation 
of the electrical length of a coaxial transmission line with 
temperature. This method is also useful for determining 
the variation of the permittivity of dielectric materials with 
temperature, The sensitivity of this type of measurement is 
in the order of one part in one million. Various design 
problems related to transmission lines were also discussed 
In another paper, W. F. Olds and George Feick, Arthur D 
Little, Inc., and E. D. Eich, Anaconda Wire and Cable Com 
pany, reported on their continuing joint study of the gassing 
properties of pure aromatic hydrocarbons under electrical 
stress. A modified Pirelli cell with hydrogen was employed 
The gas absorption rate has been correlated with the vapor 
pressure, the per cent content of aromatic carbon, and the 
chemical structure of the hydrocarbons. The study has been 
conducted as a basis for the understanding of the behavior 
of commercial cable oils, and the results could be applied 
to the blending of such oils 


e The effects of electrical discharges on the interior of 
molded insulator washers were investigated by a group 
at Westinghouse Research Laboratories (L. Mandelcorn, 
R. E. Hoff and G. R. Sprengling). The tests were conducted 
for discharges whose power density, with respect to the 
exposed insulator surface, ranged from 4 to 360 watts per 
em®. Discharge-resistance at the various power densities 
was found to be based primarily on the electrical resistance 
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during and after discharge. 
High rating was given to insulators whose insulating value 
is not measurably affected by the discharge or those which 
recover electrical resistance during or after discharge, and 
remain inert toward further discharges. Minimum electrical 
resistance values and associated discharge times, as well as 
carbon formation resulting from the decomposition of gases 
evolved from the insulator, were also considered in connec- 


time behavior of insulation 


tion with discharge resistance. 

The discharge resistance of some materials was found 
to be good at relatively low and high power densities and 
poor in the intermediate range. Electrical stresses applied 
to the insulators did not affect the electrical 
resistance during and after discharge. 


appear to 


e Work in hexane gaseous dielectric was reported in two 
papers. A. M. Sletten, Westinghouse Research Laboratories, 
presented recent measurements of the electric breakdown 
strength of highly purified n-hexane using spherical electrodes 
and gaps (~2 mils) 
liquid was found to increase the electric strength measured 
with direct test voltage from ~0.7 mv/cm to ~1.3 mv/cm. 
No effect was found from nitrogen, hydrogen or carbon 


short Oxygen dissolved in the test 


dioxide. Neither oxygen nor any of the other gases tested 
has any effect on the impulse strength using microsecond 
pulse durations, unless the test gap has been prestressed 
with direct voltage prior to the impulse testing, in which 
case oxygen increases the impulse strength. 

H. Sharbaugh and 
P. K. Watson, General Electric Research Laboratory, from 
their continuing work on the electric strength of gases. 
In this 


strength of hexane vapor has been made at near-critical 


Further data were reported by A. 


instance, systematic investigation of the electric 


temperatures, under conditions where the density was con- 
tinuously increased by pressure change up to the critical 
density. In so doing, the d-c sparking potential of hexane 
under field 
in the pressure range 3-435 psia (0.00045-0.23 gm/cc) at 


vapor has been measured uniform conditions 


electrode separations ranging from 2.5 to 100 mils. As ex- 
pected, at low pressures Paschen’s Law was obeyed; how- 
ever, major deviations occurred at higher pressures when 
the electric strength exceeded about 0.15 mv/cm 


@ The measurement of the Townsend ionization coeth- 


cients in a series of n-alkyl chloride gases from methane to 
hexane 


over a range of values (ratio of field to pressure) 


was discussed by O. H. LeBlanc, Jr.. 


General Electric Research Laboratory. 


and J. C. Devins, 
As a result of this 
work, the authors have developed a revised mathematical 
relationship for the phenomena investigated. Also discussed 
was the influence of gap irradiation on the sparking po- 
tentials in hydrocarbon gases. In another paper, Donald 
Tuomi, Thomas A. Edison Research Laboratory Division, 
McGraw-Edison Company, dealt with the theoretical limita- 
tions on the properties of dielectric specifically 
dielectric constant and For most applications of 
liquids, it was noted, a low loss is required. At power-line 
frequencies, the electrical loss in a dielectric liquid is con- 
trolled by (a) the intrinsic dipolar loss and (b) the ionic 
conduction less. The practical problem, it was pointed out, 
is to define broadly how molecular parameters of the sys- 
tem relate the dielectric constant to the electrical loss. 
Theoretical calculations were made of the material limita- 
tions to be satisfied for low losses at power-line frequencies. 
The inter-relationships between dielectric constant, electrical 
loss and molecular phenomena were developed. 


liquids 


loss, 


e Considerations related to optimum capacitor dielectric 
materials were discussed by W. Tantraporn, General Electric 
Company Electronics Laboratory. Two basic requirements 
are: a high value of dielectric constant and the ability to 
sustain high dielectric field. An analysis of the d-c break- 
down data in sintered titanates leads to the following con- 
clusions: 


1. It does not seem possible to make capacitor material in 
ceramic form which has high dielectric constant and breakdown 
field strength at the same time, if the high dielectric constant is 
obtained by operating the material near the ferroelectric Curie 
point. The maximum value of the product of the dielectric con- 
stant and square of the breakdown field should be studied as a 
function of the Curie temperature if high energy-density storage 
is the goal. The value of the product, however, probably does 
not vary very much. 

2. The 
makes it necessary to observe the breakdown traces, temperature 
dependence, 


inalysis of the breakdown mechanism in any insulator 


etc., and to try to formulate the mechanism sug- 
gested by these observations. Since different materials are likely 
to faver different mechanisms, it is dangerous to generalize from 
the breakdown mechanism for any one material 

e A study of the reactions of active nitrogen with poly- 
Weininger, General Electric 
Research Laboratory. Owing to its simple structure and well- 


mers was described by J. L. 


Table V — Dielectric Properties of Polycarbonate Film Obtained by Means of the Fluid-immersion 


Method without Attached Electrodes’ 


Immersion fluids used 


Air + 5314 oil 


% Diss. 
factor 


Thickness, 
mils 


Type of specimen | 


Hand cast 0.11 
Hand cast | | 0.16 976 
Hand cast 3 0.14 686 
Commercial 0.20 657 
Commercial 0.20 039 
Commercial | 0.21 340 
Commercial 0.11 } 081 


680 


*Measurements made at 1000 eps, 25 ¢ 
*Permittivity for epecimen 

Calculated using average clectrically determined thickness and IEC edge 
"Measured using a dead weight, motor driven, dial micrometer, no 


, and with gap spacing of 10.7 mils 


corrections 
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attempt made to read 


Air + silicone oil 


Evaporated gold electrodes 


% Diss. Thickness, | 
factor mils k’, 


© Diss. Thickness, 


factor mils 


986 12 
15 
24 
20 
18 
18 
09 


0.15 
0.18 
0.30 
0.19 
0.18 
0.19 
0.10 


683 
982 


wnnNN WD WH 


hundredths, actual 





Table VI — Irradiation in Air of Videne and 
Mylar Polyester Films 


Mylar" 


Videne A* 


Radiation Tensile Elonga- 
dose, strength, tion, 
megarads psi 


Tensile Elonga- 
strength, tion, 
per cent psi per cent 


0 8300 4.7 21,200 53 


87 5600 21,100 


173 1500 19,600 


364 too brittle to test 13,800 


*Goodyear. "DuPont 


Table Vil — Intrinsic Viscosity (,,), and Moleculor 
Weight, Mn, of Irradiated Polyester Films 


Videne A Mylar 
Dose, megarads, 


and atmosphere 


0 
105, vacuum 
210, vacuum 
368, vacuum 
109, air 
205, air 
358, air 


defined characteristics, Marlex-50 polyethylene was selected 
for this study. It was exposed to temperatures from 39 to 
141 C. Two other polyolefins 
butylene 


polyisopropylene and polyiso 
were also investigated. 

The results of this study were stated as follows: (a) the 
quantitative determination of condensable products of the 
reaction, approximately 80 per cent hydrogen cyanide and 
20 per cent cyanogen; (b) the observation of crosslinking 
of the polymer and a decrease in its vinyl concentration; 
ana (c) the estimation of activation energies of these proc- 
esses. A parallel was noted between active nitrogen and 
mild radiation-induced reactions. 
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The results of a study in the electrical properties of some 
solid organic esters were descnbed by Ann M. Parks, In- 
ternational Business Machines Corporation Research Center. 
The trends in the electrical properties caused by systematic 
increases in chain length and dipole separation were dis- 
cussed. Dielectric constants and loss factors were measured 
from 0.1 to 100 ke and from 90 C to —60 C in an Elliott 
cell. The most probable structural configurations were dis- 
cussed in terms of the dipole moments at 22 C and correla- 
tion with physical properties was indicated. 


e A study of the effects of gamma radiation on the elec- 
trical conductivity of glasses was undertaken by Corning 
Glass Works. In their joint paper, V. E. Culler, W. H. 
Barney and H. FE. Rexford reviewed the wv rious test factors 
and conditions. It was necessary to develop special meas- 
uring techniques to prevent the air ionization effects from 
causing the resistivity to appear much less than it really 
is. The glasses examined were two commercial types: first, 
a soda-lime-silicate glass and second, a borosilicate glass. 
Three conclusions were drawn from the study: 


1. Gamma radiation has a negligible effect on the resistivity 
of the glasses measured 


2. Gamma radiation causes a current in the sample, the sample 


appearing a5 a current generator in the circuit 


3. Ordinary techniques may not be used to measure the effects 
of gamma radiation on the electrical conductivity of insulating 
materials, even in a system evacuated to 1 micron of Hg 


Some of the results are shown in the curves in Fig. 10 
In another paper concerned with radiation effects in in- 
sulating materials, L. M. Epstein, Westinghouse Research 
Laboratories, described studies of radiation degradation 
on polyethylene terephthalates and polyvinyl halides. Ir- 
radiations were carried out with 2 mev from a Van de Graaff 
accelerator. Two commercial types of the terephthalate film 
were examined: DuPont's Mylar and Goodyear’s Videne A. 
Comparative results appear in Tables VI and VII. The results 
for Mylar are in close agreement with previously published 
data obtained with nuclear reactor irradration (fast neu- 
trons and gamma rays). The rate of physical damage for 
Videne A is much greater. Although both materials are 
very similar chemically, it is clear from the nonirradiated 
properties that the materials are physically quite different. 
As far as chemical changes are concerned, Videne A 
appears equally as radiation resistant as Mylar. It is be- 
lieved that Mylar’s retention of strength despite chemical 
damage is related to its very high degree of molecular 


Fig. 10— Current ws voltage for different gamma irradiation 
conditions for Corning borosilicate glass Code 7740: 


Curve “D”: Current values at different battery voltages and 
polarities plotted as a function of battery voltage according to 
I Io + V/R, where I is the observed current through an 
electrometer, Io is the radiation-induced current at zero battery 
voltage, V is the battery voltage, and R is the resistance of the 
sample. Dose rate is 10° roentgens/hr. Specimen is coated with 
air-drying silver paint. 


Curve “C”: Results of other measurements on same sample 
ae for “D” with dose rate of 5 & 104 roentgens/hr. 


Curve “A”: Same conditions as for “C”, except dose rate is 
from 5 & 104 down to 25 roentgens/hr. 


Curve “B”: Same conditions, except specimens were coated 
with air-drying colloidal graphite paint. Dose rate, 4 « 104 
roentgens/hr. 
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orientation. Similar strength retention has frequently been 
observed in oriented polymeric materials, compared to non- 
oriented materials of the samé composition. Exposure limits 
of 100 megarads were suggested for films that are not 
highly oriented. 

Polyvinylfluoride films (DuPont's Teslar) have also been 
investigated. Comparisons with polyvinyl chloride indicate 
that Teslar retains its physical properties at least as well. 
Figures 11 and 12 present results of irradiation conducted 
under identical conditions. Acid evolution is used as a 
criterion of degradation. Both materials yield acid at the 
same rate upon irradiation. Both continue to degrade very 
rapidly on moderate heating (98 C), evolving acid and be- 
coming dark and brittle. Polyvinylfluoride, after as little 
as 10° rads, will undergo a very rapid chain decomposition 
on heating (98 C) in a limited exposure to air. 


Round-Table Discussions 


As is customary with the Conference on Electrical In- 
sulation, the program provided for several informal round- 
table discussions in selected problem areas. The discus- 
sions this year were considerably less concerned with 
specific characteristics of materials than they were with 
fundamental aspects of the stated problems. Some “high- 
light” notes follow 


Fundamental Aspects of New Dielectric Liquids. Although 
liquid dielectrics are conventionally evaluated in terms of 
permittivity, loss factor, conductivity, breakdown strength, 
molecular weight, viscosity, freezing and boiling points, 
there are three other questions that must be satisfied be- 
fore a dielectric could be considered totally acceptable: 
(1) Is the electric strength of the liquid pressure-depend- 
ent? (2) Is the aging of the liquid related to the gassing? 
(3) What is the mechanism of aging? A systems engineering 
approach to the evaluation of a dielectric liquid is appar- 
ently a requisite 


Dielectric Breakdown—Gases, Liquids and Solids. One of 
the most critical problems is that of defects, not only im- 
purities introduced during manufacturing or fabrication, 
but organic defects such as imperfections in crystal struc- 
ture. The defects of concern are not only those found in 
insulating materials and dielectrics, but also those in as- 
sociated materials. (For example, a physical flaw in a con- 
ductor metal.) 


Electric Discharge in Insulation. A number of our very 
latest tracking tests are still empirical. It is necessary to 
probe deeper and deeper into the fundamental nature of 
the mechanisms of electrical discharge and its effects to 
enable us to attain realistic and precise test methods. 


Fundamental Aspects of New Solid Dielectric Materials. 
This is a complex subject and still not well understood. How- 
ever, the relation of molecular to macroscopic properties is 
better understood than is the similar relationship between 
molecular and electrical. Mechanical properties depend 
on bulk properties. Electrical properties are sensitive to local 
(microscopic) field effects, and these in turn are sensitive 
to slight variations in composition. A concerted attack on the 
problem is strongly indicated. Synthesized structures should 
be carefully controlled and reproducible. More work is 
needed on simple models, and properties should be cor- 
related to these simple models. 


The J. B. Whitehead Memorial Lecture was delivered by 
Professor Arthur von Hippel. Titled “In Search of Under- 
standing,” its essential theme was the urgency of a closer 
collaboration between science and engineering. A number 
of examples of molecular engineering in which “scientists 
and engineers have become allies” were described by Prof. 
von Hippel. “The next few years,” he declared, “will see a 
rise of understanding of materials at an exponential rate.” 
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Fig. 11 Aging of polyvinyl fluoride (Teslar) after irradiation 
‘curves are labeled with dose — 17.8 to 71.2 megarads). 
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Fig. 12 — Aging of polyvinyl fluoride after irradiation doses of 
107 to 285 megarads. 
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‘‘Motorettes’’ Speed Insulation Aging Evaluation Studies 


CARL B. HACKNEY & JOSEPH ENGEL 
Norwood (Ohio) Works 
Auurs-Cuatmers Manuractrurtne Co. 
Milwaukee, Wisconsin 


A moToRETTE, which is a small, inex- 
pensive test fixture simulating a motor’s 
insulation system, presents a rapid, 
low-cost and accurate means of de- 
termining the amount of aging insula- 
tion will withstand. The AIEE has 
adopted a test procedure for evaluation 
of insulation systems through the use 
of these devices.* Previously, tests were 
made by the construction and operation 
of actual machines which is, of course, 
time-consuming and expensive. 

With the motorette, all components 
such as slot liners, coil separators, slot 
wedges and phase insulation are in- 
serted in slots similar to motor stator 
slots, Fig. 1. A detailed test cycle has 
been established which subjects the 
motorette to operating conditions simi- 
lar to those encountered by an actual 
motor in service. The cycle consists 
of temperature exposure, mechanical 
stress, moisture exposure, and voltage 
stress. The times and types of exposure 
are standardized, based on those a 
motor usually receives in service. After 
the completion of each cycle, the insu- 
lation is tested for signs of aging or 
actual failure. If no failure has oc- 
curred, the cycle is repeated. 

To evaluate the life of a motorette 
at a low temperature, the testing time 
involved is greatly reduced by con- 
structing several identical motorettes 
and operating them at different ele- 
vated temperatures. The life at the 
temperature may then be ob- 
tained by use of the generally accepted 
“insulation life equation.” This equa- 
tion relates life and absolute tempera- 
ture: 


lower 


L = AB (1) 
log L = log A + (1/T) log B 


log L 


***Test Procedure 
Insulation Materials 


Machinery,” AIEF 


Systems of 
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where ° 


onstants for a material 
logs of A and B 

life in hours 

ibsolute temperature 


Equation (3) shows that a plot of 
log L vs 1/T is a straight line. If the 
life at two temperatures is known, the 
constants a and b may be evaluated 
and the life at other temperatures cal 
culated. While the constants a and b 
may be evaluated using a minimum of 
two motorettes, for accuracy the life 
of at least ten units should be found 
at a minimum of three temperatures. 

After obtaining the life of thirty 
motorettes, the constants a and b may 
be evaluated accurately by the method 


of least squares. The object is to fit 


i 
| | 


j 


N 


Fig. 1 
coil, slot plates and insulating liners for 


Supporting stand, random-wound 


typical motorette unit 


a straight line through the data points 
in such a way as to make the summation 
of squares of the deviations, between 
the test points and the straight line, a 
minimum. Letting log L == y and 1/7 
x, typical data points may appear 

as in Fig. 2. 
Equation (3) may then be written 


a-e-b (4) 


Let } 
operated at a particular value of x, 
designated as X. The method of least 


equal the life of a motorette 


squares states then that 


8 reitiititinn 


1 minimum (6) 


ra® + 2ZabrA 
aminimum (7) 


na’ + 2abz \ 


amimnimum (8) 


where n equals the number of motor- 
ettes tested 

Equation (8) contains two variables, 
a and b, which must now be chosen 
to make the value of Eq (8) 
mum. To do this, two partial derivatives 
of Eq (8) must be taken with respect 
to both a and b, the resulting equations 


a mini 


then being set equal to zero: 


) 
(z) 2az) 2br NY + na 
ye + 2abzX PENX") «= 0 (9) 


2hy X 0 (10) 


22} , 2na 
Zz) na + bX (11) 


Similarly, 


2az } 


2abz X 


2hz XY + na 
br X*) 0 (12) 


— 2X) 
ZXY axX + brA (14) 


2arX + 2bzrX 0 (13) 


Equations (11) and (14) may be 
solved simultaneously for a and b: 


TXZ TATXY 


) as 
nz? — (2Xy ” 
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nZXY — ZXTY 


b = “sx (ZXy 


(16) 


The curve shown in Fig. 3 may be 
used to obtain the required terms for 
obtaining a and b. 

With a and b known, Eq (3) may 
be used to find the life of the system 
at any particular temperature. While 
this is extremely useful for comparing 
the merits of different systems, Eq (3) 
may be written in an even more use- 
ful form.* 

Letting P equal 1/L and substituting 
in Eq (3), 


log 1/P a + b1/T) (17) 
log P a b0/T) (18) 


An equation relating P and T is ob- 
tained. Since P is 1/L, it can be seen 
that P actually represents that fraction 
of the total life of a system which is 
used per unit time, at a given tempera- 
ture. The total fraction of the system's 
life which is used in a given period of 
time may be calculated by use of Eq 
(19). 


fraction of life expended 
| Pat (19) 


The antilogarithm of Eq (18) may 
be taken, realizing that a log A and 
b log RB: 


Bur - 
> 20 
P= (20) 


Substituting into Eq (19), 
1/A [Brat (21) 
~? 


Equation (21) may now be solved, 
for any time vs temperature cycle, pro- 
vided the mathematical relation be- 
tween time ¢ and temperature 7 is 
known. The most common relationship 
is a step function; that is, the tempera- 
ture will vary from one constant tem- 
perature to another. While it is theo- 
retically impossible to change the tem- 
perature of a material instantaneously, 
the transient period of heating and 
cooling is usually small compared to 
run and idle periods. In this case, T 
is a constant for a length of time and 
thus the integral in Eq (21) resolves 
to the integration of a constant. 

Some consideration must now be 
given to the method used to obtain the 
* “Mathematics of Insulation Aging Calculations,” 


L. C. Whitman and W. W. Whitman, AJEE Trans 
ions 59.118 
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factors A and B before they may be 
accurately applied. The absolute life 
of a motorette, even though all possible 
efforts have been exerted, is not identi- 
cal with that of an actual machine em- 
ploying the same insulation system. 
The variation of life with temperature 
is, however, the same, as this is de- 
termined solely by the insulation ma- 
terial independent of the apparatus in 
which the insulation is placed. 

By examination of Eq (1) or Eq 
(21), it may be seen that the factor B 
affects any variation with temperature 
of L or F while A establishes an abso- 
lute reference. It is therefore obvious 
that any error which exists is in A 
rather than B. It should not be as- 
sumed, however, that A is of little 
value. The factor A may be used as 
reference for obtaining 
values of L and F for a particular 
system for the purpose of comparing 
this system with others, provided the 
systems are tested in the same ap- 
motorettes or 


an absolute 


paratus, either actual 
machines. 

To demonstrate the application of 
the final test results, an example will 
be considered. Figure 3 is a life vs 
temperature curve obtained by an ac- 
tual test group of 
motorettes. For this particular insula- 


tion system, using motorettes, B ex- 


performed on a 


pressed in terms of days is 


B e*.™ or b 10.730 


The following method is used to ob- 
tain the relative life of two identical 
motors, employing this insulation sys- 
tem, operating on different duty cycles. 
Figure 4 shows the two duty cycles; 
the motors are referred to as No. 1 
and No. 2. 

Motor No. 2 operates on a cycle 
whose period is 24 hr, or one day. 
During a 16-hr period, the motor is 
partially loaded; this is followed by 
an 8hr period. Since, after one day, 
the cycle is repeated, the desired com- 
parison may be obtained by evaluation 
of R for a period of one day. 

For motor No. 1, 


Fy (1/A) B ur | 


T, = 100 + 273 = 373 K 


F, a /A)e 10,720/9T3 oe 4-3 


For motor No. 2, 
F; = F; t F? 


(Continued on next page) 


Fig. 2 — Test data for obtaining constants 
by method of least squares. 

















Fig. 3— Relation between hours of ex- 
pected insulation life and the reciprocal 
of absolute temperature. 


Fig. 4— Duty cycles of two motors. 
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A MOTORETTE, which is a small, inex- 
pensive test fixture simulating a motor’s 
insulation system, presents a rapid, 
low-cost and accurate means of de- 
termining the amount of aging insula- 
tion will withstand. The AIEE has 
adopted a test procedure for evaluation 
of insulation systems through the use 
of these devices.* Previously, tests were 
made by the construction and operation 
of actual machines which is, of course, 
time-consuming and expensive. 

With the motorette, all components 
such as slot liners, coil separators, slot 
wedges and phase insulation are in- 
serted in slots similar to motor stator 
slots, Fig. 1. A detailed test cycle has 
been established which subjects the 
motorette to operating conditions simi- 
lar to those encountered by an actual 
motor in service. The cycle consists 
of temperature exposure, mechanical 
stress, moisture exposure, and voltage 
stress. The times and types of exposure 
are standardized, based on those a 
motor usually receives in service. After 
the completion of each cycle, the insu- 
lation is tested for signs of aging or 
actua] failure. If no failure has oc- 
curred, the cycle is repeated. 

To evaluate the life of a motorette 
at a low temperature, the testing time 
involved is greatly reduced by con- 
structing several identical motorettes 
and operating them at different ele- 
vated temperatures. The life at the 
lower temperature may then be ob- 
tained by use of the generally accepted 
“insulation life equation.” This equa- 
tion relates life and absolute tempera- 
ture: 

L = ABUT (1) 
log L = log A + (1/T) log B (2) 

or, 
log L = a+6/T (3) 


*“Test Procedure for Evaluation of Systems of 
Insulation Materials for Random-Wound Elec 
Machinery,” AIEE 510, November 1956. 
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where 


A,B 
a,b 
L 

az 


Equation (3) shows that a plot of 
log L vs 1/T is a straight line. If the 
life at two temperatures is known, the 
constants a and b may be evaluated 
and the life at other temperatures cal- 
culated. While the constants a and b 
may be evaluated using a minimum of 
two motorettes, for accuracy the life 
of at least ten units should be found 
at a minimum of three temperatures. 

After obtaining the life of thirty 
motorettes, the constants a and b may 
be evaluated accurately by the method 
of least squares. The object is to fit 


r 


Fig. 1 — Supporting stand, random-wound 
coil, slot plates and insulating liners for 
typical motorette unit. 


constants for a material 
logs of A and B 

life in hours 

absolute temperature 


ouud 


a straight line through the data points 
in such a way as to make the summation 
of squares of the deviations, between 
the test points and the straight line, a 
minimum. Letting log L = y and 1/T 
== 4, typical data points may appear 
as in Fig. 2. 

Equation (3) may then be written 


y=a+br (4) 


Let Y equal the life of a motorette 
operated at a particular value of x, 
designated as X. The method of least 
squares states then that 


x(Y — y? =a minimum (5) 


Therefore 


ZY — (a+ bX)}? = 


aminimum (6) 
Expanding, 


DY? — 2avY — 2EXY + La? + 2abrX 
+ DX? = a minimum (7) 


DY? — 2avY — 2WEXY + na? + 2abrX 
+ DX? =a minimum (8) 


where n equals the number of motor- 
ettes tested. 

Equation (8) contains two variables, 
a and b, which must now be chosen 
to make the value of Eq (8) a mini- 
mum. To do this, two partial derivatives 
of Eq (8) must be taken with respect 
to both a and Bb, the resulting equations 
then being set equal to zero: 


. (ZY? — 2adY — 2TXY + na’? 

da + 2abdX + BEX) = 0 (9) 
— 22Y + 2na = 262X = 0 (10) 

DY = na + brX (11) 


Similarly, 


s (ZY?—2aEY — 2bEXY + na? 
06 2abrX + BEX2) =0 (12) 


— 22XY + 2adX + 2EX*=0 (13) 
ZXY = alX + brX? (14) 


Equations (11) and (14) may be 
solved simultaneously for a and b: 


_2X2¥—-2X2X¥Y gs) 
AEX? — (2X)? 7 
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n=XY — SXZY 


6 = Tax? — (axy 


(16) 


The curve shown in Fig. 3 may be 
used to obtain the required terms for 
obtaining a and b. 

With a and 6b known, Eq (3) may 
be used to find the life of the system 
at any particular temperature. While 
this is extremely useful for comparing 
the merits of different systems, Eq (3) 
may be written in an even more use- 
ful form.* 

Letting P equal 1/Z and substituting 
in Eq (3), 


log 1/P =a + b(1/T) (17) 
log P = —a—W(1/T) (18) 


An equation relating P and T is ob- 
tained. Since P is 1/L, it can be seen 
that P actually represents that fraction 
of the total life of a system which is 
used per unit time, at a given tempera- 
ture. The total fraction of the system’s 
life which is used in a given period of 
time may be calculated by use of Eq 
(19). 


F = fraction of life expended 


f ' Pat (19) 


The antilogarithm of Eq (18) may 
be taken, realizing that a = log A and 
b = log B: 

B-ur 


> 
' A 


(20) 
Substituting into Eq (19), 
F =1/A . B-"Tdt (21) 
0 


Equation (21) may now be solved, 
for any time vs temperature cycle, pro- 
vided the mathematical relation be- 
tween time ¢ and temperature 7 is 
known. The most common relationship 
is a step function; that is, the tempera- 
ture will vary from one constant tem- 
perature to another. While it is theo- 
retically impossible to change the tem- 
perature of a material instantaneously, 
the transient period of heating and 
cooling is usually small compared to 
run and idle periods. In this case, T 
is a constant for a length of time and 
thus the integral in Eq (21) resolves 
to the integration of a constant. 

Some consideration must now be 
given to the method used to obtain the 
* “Mathematics of Insulation Aging Calculations,” 


L. C. Whitman and W. W. Whitman, A/JEE Trans. 
actions 59-118. 
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factors A and B before they may be 
accurately applied. The absolute life 
of a motorette, even though all possible 
efforts have been exerted, is not identi- 
cal with that of an actual machine em- 
ploying the same insulation system. 
The variation of life with temperature 
is, however, the same, as this is de- 
termined solely by the insulation ma- 
terial independent of the apparatus in 
which the insulation is placed. 

By examination of Eq (1) or Eq 
(21), it may be seen that the factor B 
affects any variation with temperature 
of L or F while A establishes an abso- 
lute reference. It is therefore obvious 
that any error which exists is in A 
rather than B. It should not be as- 
sumed, however, that A is of little 
value. The factor A may be used as 
an absolute reference for obtaining 
values of ZL and F for a particular 
system for the purpose of comparing 
this system with others, provided the 
systems are tested in the same ap- 
paratus, either motorettes or actual 
machines. 

To demonstrate the application of 
the final test results, an example will 
be considered. Figure 3 is a life vs 
temperature curve obtained by an ac- 
tual test performed on a group of 
motorettes. For this particular insula- 
tion system, using motorettes, B ex- 
pressed in terms of days is 


B = €°.7 or b = 10,730 


The following method is used to ob- 
tain the relative life of two identical 
motors, employing this insulation sys- 
tem, operating on different duty cycles. 
Figure 4 shows the two duty cycles; 
the motors are referred to as No. 1 
and No. 2. 

Motor No. 2 operates on a cycle 
whose period is 24 hr, or one day. 
During a 16-hr period, the motor is 
partially loaded; this is followed by 
an 8-hr period. Since, after one day, 
the cycle is repeated, the desired com- 
parison may be obtained by evaluation 
of R for a period of one day. 

For motor No. 1, 


1 


F, = (1/A) B- ut 


0 


T, = 100 + 273 = 373 K 
F, (1/A) €719.7201378 as 3 
For motor No. 2, 


F; = F; + F. 2? 
(Continued on next page) 
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Fig. 2 — Test data for obtaining constants 
by method of least squares. 


Fig. 3— Relation between hours of ex- 
pected insulation life and the reciprocal 
of absolute temperature. 
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Fig. 4— Duty cycles of two motors. 























DESIGN Trends 


SN CL PTE! tA AE i MEN Cte 


where 
T? = 80 + 273 = 353 K 
T? = 120 + 273 = 393 K 


2/3 


F,} = (1/A) ad 
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PROBABLY THE MOST significant and 
useful of the many advantages offered 
by the U. S. Varidyne a-c controlled- 
speed system is that the basic principle 
of operation rests on the use of stand- 
ard a-c motors. This means that the 
motors to be used in the various posi- 
tions and functions of a complete sys- 
tem may be selected from the wide 
variety of standard available designs 
and types: particular starting or torque 
characteristics, forms of enclosure, syn- 
chronous, gearhead. Special a-c motors 
and existing system and equipment 








Storter 


Speed control 


Power unit 


“Fincor” Model F-33 voltage regulator 
is a completely static device for regu- 
lating the output voltage of any 3-kw 
a-c generator or exciter requiring a field 
supply from 10 to 12 amp d-c at 130 
velts or below. A generator operated 
with this unit becomes essentially self- 
exciting because exciter input power is 


200 


Variable 
frequency 
output 


1 


F? 


(1/A) ca] 


2/3 


F, = 1/Ale®4 (2/3) + € 74(1 — 2/3)) 


To find the relative aging of motor 
No. 2 compared to motor No. 1, a ratio 
of the aging of both may be taken. 


Fa 2/344 1/36" 
F, 
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Variable-Speed Multiple Drive System 


drive motors are equally adaptable. 
The U. S. Varidyne consists of a 
power unit, in which an alternator is 
driven by a Varidrive variable-sheave 
speed-changing mechanism to convert 
standard 60-cycle power to a frequency 
ranging from 20 to 100 cycles, a simple 
and rugged exciter for the alternator, 
and the various motors located in the 
drive positions. Since the speed of an 
a-c synchronous or induction motor is 
proportional to the power frequency, 
the adjustable frequency will cause 
normally fixed-speed 60-cycle motors to 


<-60 cycle power supply 


Exciter 


42 


Drive motor 


Major elements of U.S. Varidyne drive system. 


A-€ Generator Regulator-Exciter Uses Magnetic Amplifier 


obtained from generator output. 
Referring to Fig. 1, when the gen- 
erator is started, 240 volts a-c is applied 
to magnetic amplifier 71, which sup- 
plies d-c to the generator field via rec- 
tifiers CR2 through CR9 to maintain 
generator voltage. Winding 9-10 of 71 
is connected in series with the field 


or 


Fy _ 

F, 

This means that motor No. 2 ages 
159 per cent faster than motor No. 1, 
or motor No. 1 will have a life which 
is 159 per cent longer than motor No. 
2. 

It may also be shown that, if motor 
No. 2 is idle during the first 16 hr, 
the temperature during the last 8 hr 
should be 115 C, if the lives of the 
two motors are to be the same. OOO 


1.59 





operate over a speed range as directed 
by the frequency control. The speed 
control is normally a simple dial at 
the power unit, which may be remote 
from the various drive motors, or a 
pushbutton control with speed indicator 
can be provided. The system can also 
be automatically controlled by feed- 
back arrangements, for which both 
pneumatic and electrical elements are 
available. 

In addition to the very real and 
practical consideration that the system 
uses standard and existing motors, 
there are other advantages inherent in 
the fact that the motors are a-c. Soft 
starting, dynamic braking, wide speed 
range, torque controls, and creep speeds 
can be obtained by suitable controls 
available with Varidyne. In mulkti- 
motor applications, all the motors are 
connected to the same power unit; 
thus, they will receive the same fre- 
quency power and will operate at the 
same speed, unless otherwise desired. 
High-speed motors for some functions, 
combined with gearmotors or motors 
equipped with Varidrive controls for 
low or different speeds, can be em- 
ployed, and all will change speed pro- 
portionately under the Varidyne con- 
trol. Maintenance requirements are 
greatly reduced by the absence of com- 
plex electronics and of d-c machine 
commutators and brushes. 

Varidyne power units are available 
for systems from 1 to 60 hp from U. S. 
Electrical Motors, Inc., Los Angeles, 
Calif. o00Oo 


and compensates the regulator for load 
variation. Winding 5-6 is connected 
across the d-c output of magnetic am- 
plifier 71 through a circuit consisting 
of filter 73, droop rheostat R4 and 
anti-hunt rheostat R2. 

R1 varies the voltage applied to 72 
and CR1, which determines the current 
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GUARDIAN 


has the answer for you... 


thousands of products—computers, business 
machines, instruments and automated units 
traditionally employ high priced telephone type 
relays. Meanwhile, other thousands enjoy long life 
and dependable performance from the millions of 
operations delivered by Guardian Series 610 A.C. 
615 D.C. relay and versions shown here. Actually, 
these economically priced, clapper type relays, 
originated by Guardian more than 28 years 
ago, are preferred by experienced designers 
who had previously specified twin contact 
telephone type relays. Accept our offer for 

a free sample relay to test and provein 
your own electronic equipment. 


Each of these Guardian Relays 
features interchangeable coils 
and contact assemblies for in- 
numerable variations either 
open, enclosed, or sealed. 


‘Wrile for sample, complete specifications and operating data today. 


GUARDIAN 7 ELECTRIC 


MANUFACTURING COMPANY 
1SS2-P W. CARROLL AVENUE, CHICAGO 7. ILLINOIS 
“Everything Under Control” 
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in winding 7-8 of Tl. Whenever its 
voltage setting is exceeded, reactor T2 
will saturate and supply current to 
winding 7-8 of 71, causing generator 
output voltage to droop. 

R3 varies the voltage (from current 
transformer 76) added to the supply 
voltage for Rl and thus 72. Supply 
voltage variation at 72 changes the 
current through 71 and the generator 
field. 

Paralleling adjustment R5 is used 
to limit circulating current between 
generators, should two be paralleled. 
For single generators, R5 is set at zero 
resistance. 

Rectifier CR10 allows application of 
external battery voltage for starting the 
generator, but once the generator is 
started, it prevents the d-c output of 
the magnetic-amplifier regulator-exciter 
from being short-circuited by the bat- 
tery if the start relay is energized while 
the regulator-exciter is operating. 

Ooo 

Source: Fidelity Instrument Corp., 1000 

E. Boundary Ave., York, Pa. 


Regulator - 
exciter F-33 


t 


ort ng relay 
nd battery 


Compounding 


Be oT 


440-volt 
load 


Fig. 1— Schematic of generator with “Fincor” magnetic-amplifier voltage regulator- 


exciter F-33. 


Characteristic Curve of a Magnetic Switching Core 


ROLAND YII, Project Manager 
BurroucHs Corporation 
ResearcH CENTER 

Paoli, Pennsylvania 


A SQUARE-LOOP magnetic core is a non- 
linear device. Its behavior is very com- 
plex and is not very well understood 
at the present time. An accurate analy- 
sis of a circuit containing a core would 
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be so complicated that it would be 
almost impossible to handle it without 
some empirical information. As in the 
design of vacuum-tube or transistor cir- 
cuits, a characteristic curve is necessary 
for the design of a magnetic-core cir- 
cuit. The curve which is needed is a 
plot of the energy required to com- 
pletely switch a core with a constant 
current vs switching time. 


Fig. 2—Fidelity Instrument static voltage 
regulator-exciter features magnetic-ampli- 
fier circuitry for extremely fast response 
and regulation of generator a-c output 
voltage to +1 per cent. Magnetic ampli- 
fier is located at top of cabinet. 


The energy required to switch a core 
can be expressed as 


Tr T 
e{T) = f idl = In f v(t)dt 
0 0 
Since 
T 
No -f v(i)dt 

0 

(Continued on page 204) 
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BUILT WITH WATCH-LIKE PRECISION; = 
AS DEPENDABLE AS PASSING TIME 


New Phillips Micro-Miniature Relays Are Rugged, 
Versatile In Application, Highly Reliable 


Phillips new Micro-Miniature Relays are care- 
fully engineered and manufactured to assure 


prompt delivery, because of the wide selection 
of standard Phillips styles available. Insist on 


the very maximum in reliability and perform- 
ance for control systems, airborne computers, 
communications equipment, and general elec- 
tronic circuitry. 

Flexibility of application is assured, along with 


TYPICAL ENGINEERING DATA: 


SIZE: Height, .875 Max. 
Width, .800 
Thickness, .387 


Phillips compact, hermetically sealed, micro- 
miniature relays when your designs call for 
quality and dependability. Your nearest 
Phillips Sales Engineer has complete data ready 
now to fill your inquiry immediately. 


RATING: 3 Amps. 26.5 Volts dc 


Also Low Level 
circuit applications 


13 STANDARD STYLES 


For Complete Details, Write For Phillips Micro-Miniature Type 30 Brochure. 


eo hl er eee 


PHILLIPS CONTROL CORPORATION e« JOLIET 1, ILLINOIS 
A Subsidiary of Allied Paper Corporation 


12 STANDARD COIL RATINGS 
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Then 
e(T) = NIn@ 
where 
«, (7) = the energy required to switch 
a core as a function of 
switching time 7 
I, =a constant current 
¢ =the total flux of a core be- 
tween its two remanent 
points 
N =the number of turns of the 
driving winding 
This expression for the energy may be 
obtained empirically with the aid of 
Fig. 1. The constant-current pulse with 
variable amplitude is actually wider 


Constant-current 
pulse 


than the output voltage pulse. The 
switching time is defined as shown in 
Fig. 2. Switching time is measured 
from the halfway point of the voltage 
pulse rise time to the point where a 
straight, averaging line crosses the zero 
voltage axis. The slope of this line is 
determined such that the sum of areas 
B and C is approximately equal to area 
A. This definition gives the output volt- 
age waveform the same total area as the 
triangle, which is the product of the 
total flux, ¢, and the number of turns 
of the winding. It is assumed that the 
total flux remains constant for a square 
core. 

The characteristic of the core (¢, vs T) 
can now be plotted (Fig. 3). Only the 
range of T which is of interest need be 
plotted. The rise time of the constant- 
current driver pulse is assumed to be 
negligible in comparison with the 


Output - voltage 


pulse Half-way point 


of rise time ™ 


Fig. 1—Input current and output voltage for square-loop core. 


Fig. 2—Method of determining switching time. > 


12 16 20 24 28 32 36 40 
Switching time, microsec 


Fig. 3— Typical characteristic curves, ¢, 
vs T, for Orange Dot Permalloy core 
(E.L.D.) where ¢ = 0.315 microweber. 


switching time. Many empirical curves 
of NI vs T are available for some types 
of cores. These curves can be converted 
to e, vs T curves simply by multiplying 

Oooo 


Mechanical Slip Clutches and Brakes are Spring Wrapped 


CLUTCHES AND BRAKES, designed for 
continuous slip action, can be furnished 
with torque limits having different 
values depending upon the direction of 
rotation. 

A stepped coil spring produces the 
slip. The larger end of the spring fits 
tightly inside the bore of the output 
drum while the smaller end of the 
stepped spring fits over the outside 


diameter of the input gear hub. Rota- 
tion of the shaft in one direction causes 
the spring coils in contact with the 
input element to grip tightly, but the 
coils inside the output drum contract 
and allow slippage between drum and 
spring. Rotation in the opposite direc- 
tion reverses the action of the clutch 
and slip occurs between the spring ID 
and the input element OD. 


The manufacturer supplies clutches 
and brakes with limit torques up to 
48 in.-oz and limit torque ratios up to 
10:1 in standard models. Special units 
with greater limit torques and ratios 
up to 100:1 can be supplied. Normally, 
tolerance of slip elements is +15 per 
cent of specified limit torque at both 
breakaway and high slip velocities, but 


Output drum 


Input gear 


Bearing 
Retaining ring 


MII 
La, 


Left, slip clutches and brakes of various capacities and with assorted driving arrangements. Right, elements of a gear-driven slip 


clutch with shaft output. 
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How SHAKEPROOF Protects Your Product’s Reputation 


Here is the answer to one of industry's toughest 
problems... how to reduce costly inspection re- 
jects and avoid customer complaints due to fas- 
tening failure. 


Shakeproof engineers have gathered formidable evidence 
that only one washer locks... where others fail! Their find- 
ings, just published in the booklet offered at the right, prove 
that ‘weight and thickness” don't lock a fastener, and that 
“spring action” alone isn't locking action. 


They have conducted tests with various types of washers 
commonly used for protection against failure caused by 
handling and operational vibration. Results show that only 


Shakeproof Lock Washers retained 100% relative locking 
efficiency. 


Be sure to protect your product's performance and reputa- 
tion with the one top-quality, top-per- 
formance lock washer... Specify 
SHAKEPROOF... the original toothed 
lock washer! 


} 
Send for this Free Booklet Today—it | 
is filled with factual test data and actual 
case histories which ‘show how you can 
be sure of quality at every step in the 
assembly of your product. 


"SHAKEPROOF™ 


THE WASHER 
THAT LOCKS 
WHERE OTHERS 


FAIL! 


STANDARD SHAKEPROOF LOCK WASHERS 


8 OO OC 


External-internal 


00 


Internal Heavy Duty Countersunk 
Type Internal Type Type Type 


External 
Type 


lt 
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HAKEPR 
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INCLUDE: 


Dished Type 
Toothed or Plain Periphery 


Pyramidal Dome Type 
Type Toothed or Plain Periphery 


SHAKEPROOPF ‘Sslening Headquarters” 


DIVISION OF ILLINOIS TOOL WORKS 


St. Charles Road, Elgin, Illinois 


FAS 


ys: in Canada: SHAKEPROOF/FASTEX Division of Canada Illinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 
LOC OF H 


Aryme PR in 
AiWer IN 


TENING 
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calibration can be as close as +5 per 
cent of limit torque required. 
Corrosion-resistant elements 


with- 


stand continuous slip at their respec- 
tive power dissipation ratings for a 
minimum of 500 hr. As an example, the 
48 in.-oz elements have a dissipation 
of 4 watts. 

If required, spring action will be 


provided with the mechanical clutch. 

Winding of the spring is followed by 

slip at the specified limit torque. 
O0OO0 


Source: Machine Components Corp., 39 
Fair Lane, Jericho, L. I., N. Y. 


Relay Uses Transistor Timing Circuit for Adjustable Delay 


RICHARD S. KURTZ 
HEINEMANN Etecrric Co. 
Trenton, N. J. 


Trans-O-Netic time-delay relay, for 
general industrial equipment, operates 
on 12 volts d-c. Altering the time con- 
stant of an internal RC network pro- 
vides an accurate, adjustable delay of 
either 0.5 to 5 or 5 to 30 sec, depending 
upon the model. 

The timing cycle (see Fig. 1) begins 
with the application of voltage, when 
transistor Q, conducts. The conduction 
of Q, cuts off transistor Q,, thereby 
keeping relay K, de-energized. This 
enables capacitor C, to charge through 
the internal normally closed control 
contacts of relay K,. Capacitor charging 
rate (and, hence, delay time) is con- 
trolled by the value of resistor R,. When 
current in the network consisting of R, 
and C, drops to approximately 37 per 
cent of its maximum value, transistor 
Q. conducts and switches relay K, 
across the 12-volt supply and the time- 
delay period ends. Actuation of K, 
operates the SPDT control contact 
shown, plus a second SPDT contact 
(not illustrated) which controls ex- 


Fig. 2 — Transistor-operated time-delay 
relay has a knob adjustment at the top 
for timing-interval length. 
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ternal equipment as desired. Now K, 
remains energized until the 12 volts d-c 
is removed. While K, is energized, the 
set of contacts illustrated discharge 
capacitor C, through resistor Rg, in 
preparation for the next cycle. This 
circuit provides a delay time which is 
accurate to +5 per cent over a temper- 
ature range from -++-32 to +130 F. 
The main external-circuit control 
contacts operated by K, are rated 2 
amp resistive at 120 volts a-c, or 1 


Fig. 1—Timing con- 
trol circuit of the 
Trans-O-Netic delay 
relay: Ki operates 
an additional SPDT 
main contact, not 
shown here, for 
switching the equip- 
ment to be con- 
trolled. 


amp at 250 volts a-c. 

The resistance of R, may be altered 
by knob adjustment on the Trans-O- 
Netic relay itself (Fig. 2), a rheostat 
may be located at a remote point, or 
it may be replaced by one or more 
fixed resistors. For example, a mag- 
netic-tape programmer can operate a 
switch which selects the fixed resistor 
needed to produce a given time delay 
for the proper sequencing of an auto- 
matic circuit- or component-tester. 


Efficiency Maintained in Sealed Motor 


For motors to be used in water-im- 
mersed service, the advantages of her- 
metically sealed construction over the 
use of impregated windings or the use 
of rotary seals is well recognized, but 
a drawback has been the sacrifice of 
motor output and efficiency encoun- 
tered when using a conventional metal 
enclosure for the stator. The relatively 
thick metal wall interposed between 
the motor stator and rotor in the usual 
concentric-tube construction creates air- 
gap losses in the motor. 

In the new hermetically sealed motor 
(illustrated) developed by Franklin 
Electric Co., Inc., Bluffton, Indiana, a 
stainless steel casing is employed, but 
the liner between stator and rotor is 
thin enough so as not to cause appre- 
ciable electrical losses. This is made 
possible by the design of the structure 
so that the isolating liner is not re- 
quired to be self-supporting. The stain- 
less steel inner liner is supported along 
its entire length, and is welded to the 
hermetically sealed motor enclosure, 
thus eliminating any possibility of leak- 
age past gaskets or soldered joints. 
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Macallen Built-up Mica makes 
Better Insulation because it’s 


Combine Macallen’s manufacturing 
skill and experience with the natu- 
ral qualities of mica and you’ve got 
an electrical insulating material 
that’s just about indestructible. 
Mica will withstand extremely high 
temperatures. Macallen Built-Up 
Mica has high dielectric strength 
too, excellent resistivity, low dielec- 
tric loss and maximum stability of 
electrical properties under practi- 
cally all atmospheric conditions. 

And Macallen Built-Up Mica is 
versatile. The amount of flexibility, 
rigidity, hardness, compressiveness, 
and physica] strengths can be varied. 
It can be made for almost any 
punching, sawing, drilling or mold- 
ing operation. It comes in many 
forms — from tubes, tapes to sheets 
— and in many sizes. 

No other material has all the elec- 
trical insulation qualities of mica. 
And no one knows how to make 
better use of them than Macallen. 

Find out how Macallen Built-Up 
Mica can solve your insulation prob- 
lems. Write for Catalog 26 today. 
No charge or obligation. 


For the most in mica — specify Macallen ... eadenarhs ogee mae 


for more than 60 years. 


THE MACALLEN COMPANY 
Bay Road * Newmarket * N.H. 
Chicago: 565 W. Washington Blvd.* Cleveland : 1231 Superior Avenue, N.E. 
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ASSOCIATION Activities 


Wire and Cable 
Symposium Planned 


“Technical Progress in Communication 
Wires and Cables” is the topic of the 
Ninth Annual Symposium jointly spon- 
sored by industry and the U. S. Army 
Signal Research and Development Lab- 
oratory of Ft. Monmouth, N. J. Con- 
ference dates are November 30 through 
December 2, 1960 at the Berkeley- 
Carteret Hotel, Asbury Park, N. J. 
Among papers of interest to ELEc- 
TRO-TECHNOLOGY readers are: “Devel- 
opments in Miniature 300-600 Volt 
Flexible Insulated Lead Wires for Use 
at 700-2000 F,” W. D. Parker, Rock- 
bestos Wire & Cable Co.; “Power Rat- 
ing of Teflon Coaxial Cables at Ex- 
treme Environments,” E. T. Pfund, Jr., 
Technicraft Div. of Electronic Specialty 
Co., and P. S. Klasny, United Electro- 
dynamics, Inc.; “Degradation of Poly- 
mers by External Corona Discharge,” 
R. F. Grossman, Anaconda Wire & Ca- 


ble Co.; “New Fluorocarbon Insulation 
Compounds,” W. L. Gore, W. L. Gore 
& Associates, Inc.; and “Irradiation- 
Induced Elastic Memory of Polymers,” 
V. L. Lanza and P. M. Cook, Raychem 
Corp. 


Plastics Engineers’ Professional 
Groups 


The Society of Plastics Engineers has 
published a 16-page brochure, “Pro- 
fessional Activity Groups.” The bulle- 
tin outlines the function and operation, 
and indicates the scope and a brief 
summary of activities of each of the 15 
currently organized professional groups. 
Copies are available without obligation 
from the Society of Plastics Engi- 
neers, 65 Prospect St., Stamford, Conn. 


Computer Papers Invited 


Papers for the 1961 Western Joint 
Computer Conference will be presented 


in the areas of systems, applications 
and circuitry for analog and digital 
computers. Detailed summaries of 
papers to be presented should be sub- 
mitted by December 15 to C. T. Leondes, 
Dept. of Engineering, University of 
California, Los Angeles 24. 

The conference is scheduled for May 
9-11, 1961, the Ambassador Hotel, Los 
Angeles. 


Electro-Hydraulic Servo 
Systems Seminar 


A one-day seminar on servo systems, 
jointly sponsored by the Milwaukee 
School of Engineering and the Mil- 
waukee Chapter of the Fluid Power 
Society, will be held on December 7 at 
the school’s Hall of Science. 

Additional information may be ob- 
tained from Mel Streigel, Milwaukee 
School of Engineering, Technology 
Park, Milwaukee 1. 


CALENDAR of Meetings 


Nov. 30-Dec. 2—Annual Symposi- 
um on Technical Progress in Com- 
munication Wires and Cables, 
Berkeley-Carteret Hotel, Asbury 
Park, N.J. 


Dec. 5-7—Third EIA Conference 
on Maintainability of Electronic 
Equipment, Hilton Hotel, San An- 
tonio, Texas. 


Dec. 5-8—National Conference on 
the Application of Electrical In- 
sulation, Conrad Hilton Hotel, Chi- 
cago. 


Dec. 13-15——Eastern Joint Com- 
puter Conference (sponsored by 
IRE), New Yorker Hotel and Man- 
hattan Center, New York City. 


Dec. 14-16 — Atomic Industrial 
Forum, Annual Conference (co- 
sponsored by American Nuclear So- 
ciety), Fairmont Hotel, San Fran- 
cisco. 


Jan. 8-12—Symposium on Thermo- 
electric Energy Conversion (spon- 
sored by AIEE, American Nuclear 


Society, American Rocket Society, 
ASHRAE, Dept. of Defense, Elec- 
trochemical Society, IRE and Metal- 
lurgical Society of AIME), Statler- 
Hilton Hotel, Dallas, Texas. 


Jan. 9-11—National Symposium on 
Reliability and Quality Control 
(sponsored by AIEE, ASQC, IRE), 
Bellevue-Stratford Hotel, Philadel- 
phia. 


Jan. 16-19—ISA Winter Instru- 
ment-Automation Conference & Ex- 
hibit, Sheraton-Jefferson Hotel, Kiel 
Auditorium, St. Louis, Mo. 


Jan. 24-27—Annual National Tech- 
nical Engineering Conference (spon- 
sored by Society of Plastics En- 
gineers), Shoreham Hotel, Washing- 
ton, D.C. 


Feb. 1-3—Convention on Military 
Electronics (sponsored by IRE), 
Biltmore Hotel, Los Angeles. 


Feb. 7-9—Annual Society of the 
Plastics Industry, Reinforced Plas- 


tics Division Conference, Edgewater 
Beach Hotel, Chicago. 


Feb. 13-16—American Society of 
Heating, Refrigerating and Air Con- 
ditioning Engineers, Semi-Annual 
Meeting and Exposition, Conrad- 
Hilton Hotel, Chicago. 


Feb. 15-17—International Solid- 
State Circuits Conference (spon- 
sored by AIEE and IRE), Univer- 
sity of Pennsylvania and Sheraton 


Hotel, Philadelphia. 


March 9-10— Second Symposium 
on Engineering Aspects of Magneto- 
hydrodynamics (sponsored by AIEE, 
IAS and IRE), University of Penn- 
sylvania, Philadelphia. 


March 20-23 —IRE International 
Convention, N. Y. Coliseum and 
Waldorf Astoria Hotel, New York 
City. 


March 20-24—Western Metal Ex- 
position and Congress, Pan Pacific 
Auditorium, Los Angeles. 
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UL |SaveTime «-- Super Teup 


Al *ROVAL 
TABORATORIES TEFLON OR SILICONE RUBBER INSULATED 


LABEL SERVICE FOR 
APPLIANCE WIRING 


TEFLON HIGH TEMPERATURE 
| WIRE AND CABLE 


SUPER-TEMP HIGH TEMPERATURE WIRE AND CABLE CHART 
ALL TEMPERATURES ARE CENTIGRADE 


PRIMARY INSULATION JACKET INSULATION 


ner 44 GLASS PVC NYLON BRAID sala rot. 
PRODUCTS on. stb 10s | Openatine o EXT ext. | AND | Brain “TRYLENE) REMARKS 
MATERIAL TEMPERA- WRAP IMPREG. LACQUER 


—90° —55° —40° —55° —55° —55° 
Solid | Striped , +105 +100 +125° | +100° +90° 


TFE Teflon Any combinations of 
Ext. or ‘ / Vv conductors and shielding 
Tape available. 
ae and primary 
FEP Teflon ; 7 , insulations per Mil-W- 
CABLES Extruded ™ 16878. 
Special conductors and 
Single & wal thicknesses of insu- 
j , , / tions available 
Multiconductor} Silicone / / Ayres a ; 
ond Rubber Bonding treatment of 
teflon primary or jacket 
; | insulations available. 
Pvc / t / / Shielded with _ Silver 
Plated or Tinned Copper. 


TFE Teflon J / / / / * -C- 
Extruded ’ Per Mil-C-17B 


COAXIAL FEP Teflon Special constructions and 


CABLES Extruded : jackets available. 


peyeianene E : Shielded with Silver 
— + | Plated or Bare Copper. 


TFE Teflon Per Mil-W-7139A 
Tape and 


} f hiel I- 
AIRFRAME imp. Glass — and jackets avai 


WIRES Silicone Per Mil-W-8777A 
Rubber / —55°+ 150 : Shields and jackets avail- 
and Dacron able, 
TFE Teflon 


Ext. or —90°+4260° | Per Mil-W-16878 type E or EE, or thin wall or extra heavy wall UL Approved 


FEP Teflon Special constructions 


* —90°+4200° | Produced to physical dimensions of Mil-W-16878 type E or EE aveletie. 
p 


HOOK-UP Twisting of two or more 


WIRES pa eng —55°+200° | Per Mil-W-16878 type F or FF, special constructions wires available. 


B 
PVC —55°+ 105 Per Mil-W-16878 type B, C, or D with or without Nylon Jacket ie hetice aut 


able. 


we coe J —90°+ 260 


Operating voltage 300 RMS—Solid conductors only 


we ree! —90°+260° | Per Mil-W-19583 type III single, heavy, triple and quad. wall thickness Tempering and bonding 


MAGNET Silicone | : : : 
WIRES enn tonne Natural —55°+155" | Per Mil-W-19583 type II single and heavy wall thickness 


Mica 


Magnet Natural | —90°>+- 350 : : Available with nickel 
Whe A special magnet wire for extremely high temperatures clad copper eondecters. 


f ovpont’s Tre RESIN 


TEFLON TAPES: Type B, sintered FREE! 
and bondable; Type B, unsintered; 1960 
all sizes; Mil. Std. 104 colors. CATALOG 
TEFLON TUBING: Extra flexible, 88 Pages of | 


tape wrapped. Mil. Std. 104 colors, valuable 
solid or striped. data. 


' A Subsidiary of Haveg Industries, Inc., 
1 26 West Canal Street, Winooski, Vermont + UNiversity 2-9636 
General Sales Office: 195 Nassau St., Princeton, N. J. WAlInut 4-4450 


COPYRIGHT 1960, AMERICAN SUPER-TEMPERATURE WIRES, INC. 
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You Should Know Why 
KIRKWOOD 
COMMUTATORS 


Are Preferred 


ona durable STEEL 
CORE or economical 
MOLDED CORE commuta- 
eles 1¢-e Je-Sal STL o Le = 
for longer, efficient life. 
They fit right the first time. 
Kirkwood steel and mold- 
Yo MEME] mma) aM laleL 
meet the same standards 
of quality. You can depend 
on them to'run true, elimi- 
nating sparking and excess 
brush wear, safeguarding 
efficiency from source to 
load. 


Send us your prints for 
estimates on new commu- 
tator or slip ring designs 
for special applications. 
Kirkwood commutators 
range from 3s” to 50” in 
diameter. 


. 4 
*aae* 


KIRKWOOD 


COMMUTATOR CORP. 


4855 W. 130th St. Clevelar 
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BOOK Reviews 


Edited by Atice Mary Hitron, Associate Editor 


Introduction to Modern Network 
Synthesis, M. E. Van Valkenburg, 
John Wiley & Sons, Inc., New York 
(1960) , 498 pages, $11.75. (Reviewed 
by Allan D. Kraus.*) 


Dr. Van Valkenburg has appropri- 
ately entitled his latest book Introduc- 
tion to Modern Network Synthesis. As 
such it bridges the gap between the 
undergraduate course in network anal- 
ysis and the advanced graduate course 
in network synthesis. The author ac- 
complishes what he set out to do in an 
admirable manner: his treatment of 
the material is well organized and his 
style of writing is lucid. 

An identification of the network syn- 
thesis problem is presented followed by 
a discussion of network equilibrium 
equations and network functions in- 
cluding the geometrical interpretation 
of poles, zeroes, and complex frequency. 

The book really begins its study of 
network synthesis with a study of 
Brune’s positive real functions and their 
properties, after which the properties 
of the Hurwitz polynomials, the theory 
of residues, and the Sturm theorem are 
presented. An enumeration of synthesis 
procedures for the LC, RC, RL and 
RLC one-terminal-pair networks fol- 
lows. Foster’s and Cauer’s form are 
discussed and the Bott-Duffin and 
Brune methods for synthesis of the 
RLC network are explained in detail. 

A complete chapter is devoted to 
the parts of network functions, includ- 
ing a discussion of the Brune-Gewertz 
and Bode methods. Two chapters on 
approximation are presented. This im- 
portant subject includes break-point 
approximation, combination of factors, 
the straight-line asymptote approxima- 
tion, the Butterworth form of response, 
Chebyshev polynomials, and the maxi- 
mally flat delay form. 

Considerable attention is focused on 
the methods for the synthesis of two- 
terminal-pair networks, including the 
method of ladder development, Cauer’s 
partial-fraction network, Guillemin’s 
method of RC synthesis with parallel 
ladders, lattice decomposition, Bartlett’s 
bisection theorem, Darlington’s proce- 
dure, and the image-parameter method 
of synthesis. 

The book is liberally sprinkled with 
practical illustrative examples (no solu- 
tions are given). A selected bibliog- 
raphy is included. 

* Mr. Kraus is a senior engineer in the Advanced 
Systems Department of the Counter-Measures Divi- 


sion, Sperry Gyroscope Company. He is frequently 
@ contributor to Exsctrno-Tecuno.ocy. 


If the reader wants the most detailed 
and comprehensive approach to the 
subject of network synthesis, he will 
probably want to read the books of 
Guillemin or Tuttle. If, however, an 
excellent introduction, written in a clear 
and concise manner, with more than 
the average number of illustrative ex- 
amples is desired, then Van Valken- 
burg’s book is the one that will serve. 


Advances in Computers, Vol. 1, 
Franz L. Alt, Editor, Academic Press, 
New York and London (1960), 
$10.00. 

In the words of Editor Franz L. Alt, 

the new series, Advances in Computers, 

is “intended to occupy a position inter- 
mediate between a technical journal 
and a collection of handbooks or mono- 
graphs.” We agree with Editor Alt 
(National Bureau of Standards) that 
there is indeed a great need to bridge 
the gap in time between the publica- 
tion of articles in various journals read 
by specialists and the publication of 
the same material in a “form suitable 
for a wider audience.” The audience 

Mr. Alt envisions consists of computer 

mathematicians, computer engineers, 

and computer users who need to be 
made aware of one anothers’ problems. 

The contributors to Volume 1 include: 
Yehushua Bar-Hillel, Hebrew Univers- 
ity in Jerusalem (Automatic Transla- 
tion of Languages); Richard Fateh- 
chand, Birkbeck College in London 
(Machine Recognition of Spoken 
Words) ; Calvin C. Gottlieb, University 
of Toronto (General-Purpose Program- 
ming) ; Norman A. Phillips, MIT (Nu- 
merical Weather Prediction) ; George 
W. Reitwiesner, formerly at Aberdeen 
Proving Grounds and now with the 
National Bureau of Standards (Binary 
Arithmetic); and Arthur L. Samuel, 
IBM Research Laboratories (Program- 
ming Computers to Play Games). Each 
author has contributed excellent ma- 
terial and a good bibliography, and the 
resulting volume may very well become 
a classic. 

If we have any reservations about the 
usefulness of this volume for the read- 
ers of ELEcTRO-TECHNOLOGY, such res- 
ervations are due to the high level of 
each article rather than to any defects. 
None is “easy”, each requires careful 
study, and none covers the entire subject 
area it is devoted to in its vast entirety. 

The engineer who will take the 
trouble to study any of the articles 
contained in this volume will find them 
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How a General Electric CR2810 machine tool relay had... 


20 MILLION CHANCES TO FAIL 


BUT DIDN’T 


MORE THAN 20 MILLION 
TIMES a large automotive 
body stamping company 
challenged the General Elec- 
tric CR2810 machine tool 
relay to “make” and 
“break.” 

It was part of an accele- 
rated life test conducted 
recently in their own plant 
to find the most reliable 

machine tool relay for their continuous production line. 
Long after all competitive relays tested had failed, the 
contacts in the G-E relay were still “making” and “break- 
ing” with continuous reliability. Why? Greater fidelity— 
made possible by the smooth “wipe and roll” action of the 
General Electric relay contacts. 
OTHER ORIGINAL EQUIPMENT MANUFACTURERS as well as 
users have proved to themselves the reliability of General 
Electric relays. For example, after one year’s experience 
with G-E relays, a manufacturer of packaging machinery 
cut his purchases almost in half. His explanation: “Before 


‘ 
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I bought General Electric relays, 50 per cent of my pur- 
chases were used to replace relays under my maintenance 
contract.” He saved inventory investment and stocking 
costs. You can too. 

Extra reliability is one of the “measurable advantages” 
of G-E machine tool relays that builds customer acceptance 
for your products. Add to this the ease of mounting and 
wiring, the compact design, and the circuit flexibility of 
G-E relays, and you have a value that can’t be matched. 

Why not test them yourself? Call your G-E sales engineer 
at your nearby G-E apparatus sales office. Ask for bulletin 
GEA-7021. General Electric Company, Schenectady 5, N. Y. 


You get MEASURABLE ADVANTAGES 


with General Electric Control 


Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 
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ror : cz not only informative bui as useful as 

ee his particular interest and involvement 

pecan a ss ' with specific phases of computer tech- 

| : f nology. George Reitwiesner’s article on 

wwf ; jw & “Binary Arithmetic” is among the best 
St _ ae | LULA expositions of this important subject. 
Although it has application to the 

You'll bein good company... Ean design of binary digital computing 


equipment, it is of interest to a much 


TET CECI CME UT mem | wider audience since % te essentially 


co an algebraical analysis of the perform- 
= ffs im | ance of binary arithmetic, and is not 
Ad A ay a aed mes 4 specific to logic structures of com- 
Ee Os) , puting devices. 

Certified to meet all Vey The uniform organization and pres- 
aN ae | MIL Specs. nS 7 fH} | entation of all articles and the detailed 
“2 HOT or COLD a] IMMEDIATE Pri hoa as, 2 tables of contents (for the entire vol- 
oe DELIVERIES : ume and for each article) are particu- 


FOR FREE SAMPLES 0 SE 700 larly commendable. —A.M.H. 
AIL ASIEN coscolsencrctticc: TR TT TTI EL 
saistalibaiednant tric Supply Co.) man, ms a 


TRANSMITTER or directly to... 
Books Received 


Woh Shote NAMEPLATE The following list of books received during 


the past month is far from complete. Al- 

‘ though the editors of ELectrro-TecHNOLOGY 

ADR Cr believe many of these books to be of 

THE DOW CHEMICA! New York Office. 214-27 Northern Bivd., Bayside 61, N. Y interest to our readers, no critical evalua- 
FIVE YEAR SAFET’ Bayside 4-4000 + Teletype: NY4 -1975 * Cable: Norplate » TWX: LPT tion is attempted at this time. 
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Mathematics for Engineers 


A History of Mathematics, 2nd Edition, J. 
F. Scott, Taylor & Francis Ltd., London 
(1960), $7.15. 
Proceedings of Symposia in Applied Math- 
Circle 188 on Inquiry Card ematics, Vol. VI, Edited by John H. 
ee rat See ee ee Curtiss, American Mathematical Society, 
Providence, Rhode Island (1956), $9.75. 
Proceedings of Symposia in Applied Math- 
ematics, Vol VII, Edited by John H. 
Curtiss, American Mathematical Society, 


FAST ECONOMICAL Providence, Rhode Island (1956), $5.00. 


Reciprocals of the Integers from 1000 to 


VICE ON 9999, T. H. Redding, Taylor & Francis 
SERVIC Ltd., London (1960), $4.65. 





Computing Machines 


Management Organization and the Com- 
puter, Edited by George P. Schultz and 
Thomas L. Whisler, The Free Press of 
Glencoe, Illinois (1960), $7.50. 


i Coupled Mode and Parametric Electronics, 
Consult William H. Louisell, John Wiley & Sons, 


Inc., New York (1960), $11.50. 
Our modern plant and facilities for @ Electronics and Nucleonics Dictionary, Nel- 
turning, grinding, milling, drilling, son M. Cooke and John Markus, Mc- 
threading, heat-treating and electro- Graw-Hill Book Company, Inc., New 
plating are available for small or on York (1960), $12.00. 
large volume. Simple or intricate, prototypes Journal of Electronics and Control, Vol. 
flanged _ tapered Pee .020” and sample bien Sein i & Francis Ltd., 
to 1.00” diameters. Send drawings i vondon ‘ " 
and specifications for quotations. quantities oa of enna prem ington 
V. del Toro and S. arker, McGraw- 
Hill Book Company, Inc., New York 
(1960), $14.50. 
Standardization Activities in the United 
States, S. F. Booth, National Bureau of 
Standards, Washington, D. C. (1960), 
$1.75. 
Thermoelectric Materials and Devices, Ed- 
ited by I. B. Cadoff and E. Miller, Rein- 


INSTRUMENT SPECIALTIES 


ey 
254 Bergen Boulevard 
Little Falis, New Jersey 


Telephone: CLifford 6-3500 


hold Publishing Corp., New York (1960), 
$9.75. 
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WESTON FAN SHAPES OFFER 
EXTENDED SCALE LENGTH, 
MULTIPLE RANGES 


Designed for accuracy... 
engineered for long life 


Weston’s fan shaped switchboard instruments are well known 
throughout the industry as standards of long-term dependability. 
The number of uses for these quality DC meters is legion. 
They are frequently specified for temperature measurement, 
speed indication and other applications where their long 

scale length and accuracy of +1% are important. 


Exceptional scale length is achieved through classic Weston 
design. Model 273, for example, provides a 7.32” scale in 
less than 9.5 x 7.5” of panel space. For extremely precise 
measurement, these meters can be supplied with knife-edge 
pointers and mirror scales. 


Shielded cases are of pressed steel for maximum strength 
and immunity to stray fields. Cases are surface type, 
back connected. 


Ranges depend on intended use. Weston fan shaped meters are 
supplied from 100 microamperes full scale, and 10 millivolts 
full scale. 


Call your Weston representative for details, er write for 
Catalog 01-200 which contains full technical data. Daystrom, 
Incorporated, Weston Instruments Division, Newark 12, N. J. 
International Sales Division, 100 Empire St., Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 


Toronto 19, Ontario. 


i DAYSTROM,, incorporated 
2 WESTON INSTRUMENTS DIVISION 


Reliability by Design 


Circle 190 on Inquiry Card 





Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of ELec- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular ELectro-TEcu- 
NOLOGY reader qualifies for one copy 
of all single-article reprints, without 
charge. 


The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


0) 952—Bibliography — Computing Ma- 
chines in Control Systems, December 1960, 
1 page. A selected listing of articles and 
books in the literature providing a back- 
ground for ELECTRO-TECHNOLOGY’S new se- 
ries on Computing Machines in Control Sys- 
tems—THE Forum. 


0 910—Survey of Power Transistors, De- 
cember 1960, 6 pages. Listing of all tran- 
sistors (made by 18 companies) rated for 
max collector current of 1 amp and over. 
Characteristics given include forward current 
transfer ratio and collector breakdown cur- 
rent. Possible applications for each type 
included. 


(1) 932—Iron-Core Devices: Evaluation of 
Variable Parameters, December 1960, 5 
pages. Circuit “constants” which are actu- 
ally functions of frequency, current, and 
other circuit conditions must be evaluated 
by measurement, as departure from con- 
stancy may be to a major degree. Methods 
outlined for measurement of iron-core device 
inductance and resistance and for orderly 
extrapolation of test results for analytical 
use. 


0) 936—Static Magnetic Frequency Multi- 
pliers, November 1960, 9 pages. The modes 
of operation and typical circuits of fre- 
quency multipliers using saturating magnetic 
cores. New lamination materials and recti- 
fiers have made possible new orders of 
efficiency for this well-known principle. 


© 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar poly- 
ester film age satisfactorily as slot insulation 
in hermetic motor systems. Classical tests 
such as density, viscosity, extractables and 
shrinkage are described, as well as a set of 
functional aging test procedures under simu- 
jated conditions. , 


© 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 


Number of pages 
4-12 16-32 


1 Gratis 
5 $2.00 
10 3:75 
25 7.50 


Gratis 
$3.75 
6.00 
12.50 


machines measure analogous relationships. 
Continuous computation, principles of oper- 
ation, and various functional components 
are described. A survey of typical machines 
on the market is presented, plus applications 
for the design engineer, the role of the 
analog machine in control systems, and 
hybrid systems. 


(1) 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the 
new fluidized-bed process for applying elec- 
trical insulation to components and equip- 
ments. The process is explored with respect 
to design engineering and economics. Prac- 
tical applications in new designs are devel- 
oped. 


(1) 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement 
of rules for the manipulation of simple flow- 
graph forms, and a definition and descrip- 
tion of basic modules for simple two-port 
networks. The modular concept is expanded 
to include flow graphs representing three- 
terminal devices. These are used as modules 
to construct more complex flow graphs. 


0 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September 
and October 1960, 19 pages. Physics of 
permanent-magnet behavior and design 
methods for open-circuit, permanent-magnet 
structures, followed by the more complex 
considerations involved in small air-gap 
magnet designs. The use of electrical network 
analogy methods is explored; examples sup- 
port all the design method discussions. 


1 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomographs 
(with emphasis on the latter) which can be 
used to record and display data. Specific 
instructions for constructing nomographs, 
including pivoted, unevenly spaced, and “N” 
types. 


(©) 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic 
parameters of design in relation to the 
nuclear environment are investigated and 
illustrated in respect to the selected mate- 
rials involved. Electrical properties of insu- 
lating materials and changes in these prop- 
erties due to nuclear radiation energies are 
examined. 


[) 911—Flat-Conductor Flexible Cables ana 
Connectors for Flat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. Part I includes cabling techniques 
and performance of flat-conductor flexible 
cables. Data are given on load-carrying 
capabilities, crosstalk, r-f attenuation, and 
on shielding techniques. Part II discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. Specifications for a standard 
conductor are presented. 


[]) 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre- 
distortion and reverse predistortion are ex- 
plained. Examples of uniform and non- 
uniform reverse predistortion are presented. 


[) 950—Magnetic Amplifier Output Circuits, 
August 1960, 5 pages. A _ straightforward 
method for comparative evaluation of com- 
plex reversible-half-wave and reversible-full- 
wave magnetic amplifier circuits as building- 
block arrangements of basic half-wave self- 
saturating circuits. Figures of merit are 
given for over 50 output circuit combina- 
tions. 


[) 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The funda- 
mental voltage and geometrical relations of 
the Hall effect are presented. The possibility 
of using the Hall phenomenon for angular 
function generators is investigated, and the 
various potential characteristics of such gen- 
erators considered. 


[) 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


[] 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


(1) 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re- 
visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payableAo ELecTRO-TECH- 
NOLOGY. 
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() 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
cuit Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
Tabulation provides an at-a-glance 
“translation” from one symbolism to 
another, also the conversion from 
sums to products (and vice versa). 


(| 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


(1) 919— Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types tested 
in an environment equivalent to that of a 
nuclear explosion. The mechanism of dam- 
age is explained and data analysis for radia- 
tion damage is given in graphs and charts. 


(1) 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized. 


(1) 916—Logic—and the Principles of Pro- 
gramming, July 1960, 8 pages. Programming 
techniques are based upon the principles of 
logical reasoning, expressed by a Boolean 
algebra, and the propositional calculus. 
Automatic programming and machine Jan- 
guages—designed for the engineer who has 
little knowledge of digital computers and 
who wants to write his own programs— 
are presented. Examples given. 


1) 926—Plastics Molding Materials for Struc- 
tural and Mechanical Applications, May 
1960, 11 pages. A review of plastics molding 
materials, based on structural and mechani- 
cal properties and design parameters. Newer 


materials described. 
methods discussed. 


Significance of test 


() 920—Materials and Techniques for Mi- 
crominiaturization (Parts 1 and 2), May 
and June 1960, 16 pages. The past, present, 
and future state-of-the-art of microminia- 
turization. Covers the reduction in size and 
weight of all subminiature electronic com- 
ponent parts including: substrates, conduc- 
tors, resistors, capacitors, protective cover- 
ings, inductors, solid-state diodes and 
transistors. Also includes thin-film tech- 
niques and integrated solid circuits. 


[] 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni- 
versal ratio sets can be calibrated by boot- 
strap methods, also how instrument poten- 
tiometers can be calibrated using the stand- 
ard cell and a universal ratio set. 
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[) 948—Power-Supply Circuit Design by 
Digital-Computer Method, May 1960, 7 
pages. Designing power-supply circuits with 
the help of a digital computer relieves the 
design engineer of many time-consuming, 
routine chores. Laboratory data are com- 
pared with the computed data. 


() 935—Precision Ball Bearings for Elec- 
tromechanical Instruments, May 1960, 4 
pages. Application factors in representative 
types of critical instruments such as servos, 
resolvers, gyro gimbal bearings and gyro 
spin motors. Bearing design, materials, lu- 
bricants, loading, life expectancy and fits are 
discussed, as related to bearings approxi- 
mately 1 in. OD and smaller. 


 941—Thermoelectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commerical thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Examples of cooling 
problems are worked out. 


[] 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, circuit performance 
unobtainable with lumped-parameter §ar- 
rangements can be achieved. 


[] 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. Applications of materials to 
design parameters are illustrated and devel- 
oped as related to the design needs of 
electronic equipment and systems. 


(| 928—Magnetism Research Pushes New 
Engineering Developments (Parts I and ID, 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


({) 921— Powder Metallurgy Parts — Their 
Advantages in Design, March 1960, 9 pages. 
Advantages of powder-metallurgy techniques 
in design of electrical and electronic com- 
ponents. Properties and other design par- 
ameters are explored and illustrated by case 
histories. 


0 927—Fine-Pitch Gear Trains, March 
1960, 7 pages. Gear quality classifications, 
center-distance considerations, and backlash 
problems are discussed with respect to fine- 
pitch gear applications in electromechanical 
computers, servo-positioning feedback sys- 
tems, instruments and radars, and in line 
with current and projected AGMA standards. 


(] 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Using AWG wire size 
as the basic parameter, time-saving coil de- 
sign charts minimize the error hazard in 
repetitive routine computations. Data pre- 
sented in graphic form apply to layer- 
wound coils and, within certain limits, to 
random windings. Derivations and examples 
of use included. 


(©) 905—The Esaki “Tunnel” Diode, Feb- 
ruary 1960, 12 pages. Theory of operation 
of this negative-resistance semiconductor is 
explained in terms of the wave-like proper- 
ties of electrons. The diode’s small-signal 


behavior, its application as a low-noise am- 
plifier, and its noise figure of merit are ex- 
amined. Other uses are as low-level oscil- 
lator and an ultra-fast bistable switching 
device. 


1 943—P-N-P-N Four-Layer Diodes in 
Switching Functions, January 1960, 7 pages. 
Theory of operation of two-terminal tran- 
sistor-like devices which can be switched by 
changing the voltage across them or the cur- 
rent through them. Applications include 
pulse generators and core drivers, ring coun- 
ters and multivibrators. 


() 937—Effects of Temperature on A-C 
Magnetic Properties of Nickel-Iron Alloys, 
December 1959, 6 pages. In the second half 
of a two-part study, results are reported in 
the form of curves for 60, 400, and 1000 
cps describing variation of core loss per 
unit of weight and rms exciting volt-amperes 
per unit of weight as temperature varies. Six 
alloys are reported for the temperature 
range —60 to +250 C. 


(1) 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This chart is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” (see p 220). 


(0 939—Inherent Motor Overheat Protec- 
tion Moves inside the Field Coils, November 
1959, 8 pages. Two solutions to the problem 
of putting temperature sensors in the stator 
windings of induction motors are described. 
The Westinghouse solution uses thermistors 
in a newly discovered positive-temperature- 
coefficient resistor mode. Cutler-Hammer’s 
approach makes use of the well known 
negative temperature coefficient of ther- 
mistors. 


(] 942—The Four-Bar Linkage as a Func- 
tion Generator, October 1959, 9 pages. Ad- 
vantages of the four-bar linkage as a com- 
puting and control element are outlined, 
with examples of both graphic and analyti- 
cal methods of linkage design. 


(1) 922—Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. Internal 
standards for the electronic portions of ma- 
chine control systems, prepared by General 
Motors Corp., to be used in conjunction 
with the JIC Standards for Industrial Equip- 
ment (see Repriut 924). 


 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for ap- 
plication of electrical apparatus to 
machine tool and other industrial 
equipment, as adopted by the Joint 
Industry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 5— 
3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check with 
order payable to ELecTRO-TECHNOL- 
ocy, 205 East 42 Street, New York 
17. 





Palladium Diffusion Purifier removes 
all impurities from commercial 


CHEMICAL 
DIVISION 


cylinder hydrogen 


The Engelhard Palladium Diffusion Purifier is used to re- 
move all impurities from commercial cylinder hydrogen. 
This includes such impurities as oxygen, nitrogen, argon, 
water vapor, hydrocarbons and any others found in com- 
mercially bottled hydrogen. 

The hydrogen purity achieved is, without question, the 
highest obtainable—no trace of impurities are detectable 
in the purified gas, by any known method. 

Electrical circuit interlocks prevent palladium and hydro- 
gen contacting at 150°C to form beta phase Pd-H2 system 
which is brittle and impervious. Impurities are not permitted 
to accumulate within the palladium tubes. Impurities are 
bled off continuously with a small hydrogen stream which 
is vented to a hood or a small burner. A check valve located 
in the pure product line prevents back flow into the tubes. 

The Engelhard Hydrogen Palladium Diffusion Purifier is 
now manufactured in standard sizes for flowrates from 
5 scfh up to 1000 scfh. Larger sizes are custom built to meet 
customer's requirement. Write for literature and price list. 
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These platinum precision resistance 


spirals measure temperature a>. 


AND 


by change in electrical resistance. | Bo sstens 


DIVISION 


Here are ideal components for both accuracy and reliability 
in temperature measuring or controlling equipment. They 
have an accuracy of + 0.1°C. 

Three types are available in a full range of sizes. A glass 
enclosed series affords high precision for temperatures be- 
tween —220°C and +500°C. Spirals are obtainable as 
standard products having a resistance of 25, 50 or 100 ohms. 
The variation in diameters, lengths, etc., are numerous. 

High temperature spirals in which suitable ceramic re- 
places the glass are also available. These are used for meas- 
uring temperatures up to 750°C. The accuracy of the 
ceramic spirals is only slightly less than that obtainable from 
the glass spiral, but still superior to thermocouples in sta- 
bility. For extremely precise temperature measurements, a 
laboratory standard resistance thermometer is available. 

Although most spirals are supplied directly to the user as 
components, we also provide a fabrication service and 
supply spirals in metal sleeves or other constructions as re- 
quired. Send for complete literature. 
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gold plating for electrical and 


CHEMICAL 
DIVISION 


electronic components 


Recently, the use of gold electroplates have been extended 
to many new functional applications especially in the field 
Atomic Wot. of electronics where the tarnish resistance and low electrical 


. —| resistivity of gold are most useful. A complete line of pre- 
Crystal Structure Face center cubic 4.07A cious metal plating solutions for both decorative and func- 
20°C = 19.3 G/CM? tional purposes are available from stock. 

; : : ATOMEX is a 24K gold immersion solution that permits the 
Melting Point 1063°C deposition of a thin, dense, uniform layer of 24K gold on 
Specific Resistance 13.2 OHMS/MILL/FOOT printed circuits and metallized plastics by means of a simple 

) 


— - bath. Atomex deposits.gold by lonic displacement—it is the 
Thermal Conductivity | 0.71 ¢ gs UNITS (20°C first practical gold immersion solution containing no free 


Coef. Linear Expansion| 14.2 Micro Inches /°C (20°C) cyanide. The Atomex deposit is more permanent and less 
, : expensive than electroplating of comparable thickness. 
Rockwell 15 T Scale = 24 Costly analytical control is unnecessary. Write for literature. 
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BAKER 
CONTACT 
DIVISION 


precious metal 
contacts for high-reliability 


PAT - 


For high-reliability and long operating life, precious metal 
contacts in pure or alloyed forms of silver, platinum, palla- 
dium and gold are very definitely indicated. These contacts 
provide unmatched high resistance to atmospheric corrosion, 
deformation, arc erosion, binding and metal transfer. Baker 
precious metal contacts are supplied as wire, rod, sheet and 
in a complete line of fabricated forms. Facilities are also 
available for manufacture to your specifications. Write for 
Baker Contact catalog. 
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Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering inserts or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
below. Orders must be accompanied by 


remittance (either in cash or check). 
Please add 3% City Sales Tax on 
orders for New York City delivery. 
Make checks payable to Etectro-TEcu- 
NOLOGY. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 


J 


Please enclose remittance 
(cash or check) with your order. 


ORDER FORM | 


No. of 
copies 
Electrical Insulation Deterioration 

Combination: Electrical Insulation — 1960 
Electrical Noise ‘ hace 

Number — The lcudaliie of Ramsitie 
Digital Computing Machines 

The Nature and Control of Corrosion . 
Microwaves — Principles and Devices 

Basic Differential Equations 

Electrical Analogs for Mechanical Systems 
Transformer Materials for Extreme Environments 
Ring Binder for Science & Engineering Reprints 
Introduction to Molecular Engineering ... 
Logic — and Switching Circuits ....... 
Infrared — Fundamentals and Techniques . 
Thermoelectric Effects 

Network Analysis ............... 
Determinants and Matrices 

Sampled-Data Systems 

Automatic Control System Rates a? 
Low-Noise, Solid-State Microwave Amplifiers . 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics ... 

The Electric Field . 

Fundamental Nature il Shock aa Vibration 
Key to Metals in Design Engineering . 

Heat Flow Theory 

Fundamentals of Ferromagnetism 

Using Fourier Analysis in Design 

Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 

Slide Rule Mathematics 
Casting Resins and Applicat’ . 


Techniques 


Total Copies Total Order 


TO: ELECTRO-TECHNOLOGY, 205 East 42 St., New York 17, N. Y. 
NAME .. 

COMPANY 

ADDRESS 


CITY. . ZONE . 
(Add 3%, City Sales Sn ior New York City ddivery) 
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possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


~ 


Reprint Title 5 
Insulation Deterioration $.90 $.75 
Electrical Insulation—1960 1.80 1 
Electrical Noise 90 
Theory of Numbers .90 
Digital Computing Machines  .90 
Corrosion 90 
Microwaves 90 
Differential Equations .90 
Electrical Analogs .90 
Transformer Materials .90 
Molecular Engineering .90 
Logic .90 
Infrared .90 
Thermoelectric Effects .90 
Network Analysis .90 
Determinants and Matrices .90 
Sampled-Data Systems .90 
Microwave Amplifiers 90 
Digital Methods .90 
Properties of Plastics .90 
The Electric Field 90 
Shock and Vibration .90 
Key to Metals .90 
Heat Flow Theory .90 
Ferromagnetism 90 
Fourier Analysis .90 
Automatic Control Systems 2.00 
Boolean Algebra 1.80 
Slide Rule Mathematics .90 
Casting Resins 1.75 
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€ Electrical Insulation Deterioration, De- 
cember 1960, 8 pages. Nature of thermally 
accelerated deterioration of electrical insula- 
tion (and other organic materials, such as 
plastics) discussed from viewpoint of prac- 
tical design engineering parameters. Among 
other aspects, relationship between deterio- 
ration process and equipment and systems 
reliability is analyzed. $1.00 


Special Combination Offer 


1) Electrical Insulation — 1960, De- 
cember 1960, 52 pages, special Re- 
search and Application Report. Con- 
tains three major articles: Dynamic 
Mechanical Properties of Plastics 
Dielectric Materials, Advances in 
Flexible and Semi-Rigid Electrical 
Insulating Materials, and Research 
Progress in Dielectrics—1960. Plus: 
other articles on ultrathin films, ca- 
pacitor dielectrics, European applica- 
tion practice, international standards, 
insulation application problems and 
trends. Offered in combination with 
regular December 1960 Science & 
Engineering article, Electrical Insula- 
tion Deterioration (see above). $2.00 


© Electrical Noise, November 1960, 20 
pages. Major types and orizins of electrical 
noise and the effects of noise on system 
behavior. Examples given of techniques for 
evaluating system performance in terms of 
noise sensitivity and reduction. Emphasis on 
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concept of noise as a random process, as 
distinguished from systematic or periodic 
interference. $1.00 


() Number—The Language of Engineering, 
October 1960, 16 pages. The theory of num- 
bers is concerned with the properties of 
integers and is used by the engineer for a 
wide range of problems, such as: the use 
of the sawtooth function to synthesize all 
types of discontinuous waveforms, the repre- 
sentation of an integer as a sum of squares, 
etc. $1.00 


() The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of 
the causes, mechanics and chemistry of cor- 
rosion. Methods for prevention are outlined. 
Design considerations and types of materials 
and treatments are interpolated for control 
of specific types of corrosion encountered in 
engineering design. $1.00 


(1 Digital Computing Machines, Oc- 
tober 1960, 24 pages. The funda- 
mental functional components of 
digital computing machines. Glossary 
of terminology. Tabulation of special 
world-wide survey of digital comput- 
ing machines presents essential char- 
acteristics of digital computing ma- 
chines in production and in advanced 
stages of development. Principles of 
operation and applications for design 
engineers. $1.00 


1) Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equa- 
tions of electric and magnetic fields. Propa- 
gation of microwaves in various media, in- 
cluding two-conductor, round and square 
waveguides. Principles are applied to the de- 
sign and use of the slotted line, the dummy 
load, rotary joints, and preselectors. $1.00 


() Basic Differential Equations, July 1960, 
20 pages. First-order differential equations 
(method of separation of variables, the inte- 
grating factor, homogeneity), higher-order 
differential equations (the differential oper- 
ator, non-homogeneous equation, Picard’s 
method, solution of equations with variable 
coefficients by power series). Application to 
basic mass-spring-damper system through- 
out, with examples. $1.00 


[) Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. System para- 
meters of dynamic states of mechanical 
systems are translated into electrical net- 
work equivalents. Reasoning behind the 
analog approach and the various analog 
forms. Included are discussions of the prin- 
ciple of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular 
analysis, and the use of distributed-para- 
meter networks (long lines) to simulate 
certain mechanical elements. $1.00 


({) Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. Part II examines the ele- 
ments of the classical macroscopic approach 
to the behavior of materials as well as the 
microscopic or molecular approach. Part III 
provides extended examples of molecular 
engineering in the areas of electrical insula- 
tion, microwave amplifiers, thin-film devices 
and microminiature electronics function 
blocks. $1.00 
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©) Transformer Materials for Extreme 
Environments, March, April, May 
and June 1960, 28 pages. A series of 
four articles interpreting research and 
development on small transformers 
designed to operate under extreme 
environments of 500 C temperature 
and nuclear radiation. Work carried 
out under Air Force and Bureau of 
Ships contracts presents data on: 
electrical insulation materials, magnet 
wire (both wire and insulation), mag- 
netic core materials, and transformer 
structural materials. $1.00 


(1) Logic —and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle’s 
syllogism, developed into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-schem- 
atic form. The article deals with methods 
applied to solve the problems of circuit 
synthesis and the fundamental ideas which 
can be applied to the design of the most 
complex circuitry. $1.00 


C) Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic 
principles of radiation and detection (includ- 
ing Wien’s Law, Rayleigh-Jeans Law) are 
explained. Effect of infrared on metals, ionic 
crystals, and semiconductors. Various types 
of sources, windows, prisms, detectors, and 
spectrographs are discussed qualitatively. 
Also includes theory of use of infrared in 
practical applications. $1.00 


(] Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
view. Four basic applications of thermo- 
electric phenomena are considered: power 
generation, heating, cooling, and temperature 
sensing. $1.00 


(1) Network Analysis, January 1960, 28 
pages plus cover. A discussion of present- 
day practices in network engineering and 
their theoretical background. Network the- 
ory as a coherent and unified study is 
stressed, as contrasted with the less power- 
ful and less useful traditional approach to 
circuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


(1) Determinants and Matrices, December 
1959, 20 pages plus cover. The principles 
treated apply to all problems involving 
numerous mathematical statements. In- 
cluded are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher- 
order systems, and the underlying principles 
of matrix algebra. Examples demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 
hand. $1.00 


(J Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Use of the nor- 
malized sT plane for analyzing sampling 


adequacy, “pseudo-sampling” for determin- 
ing between-sample response and the use of 
the z transform for table-generating func- 
tion. $1.00 


©) Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
Basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. $1.00 


© Digital Methods in Measurement and 
Control, September 1959, 20 pages plus 
cover. Covers: (1) characteristics and ad- 
vantages of the digital approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage; (4) dig- 
ital measurement devices; (5) digital con- 
trol actuators. $1.00 


(] The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition and condensation polymers; the theo- 
retical basis for mechanical, electrical and 
chemical properties of polymers. $1.00 


(1) The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
in Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
fects in Devices. $1.00 


©) Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering fea- 
ture both safe and handy will want 
this maroon-colored binder made of 
flexible, Morocco-grained leatherette 
stamped in gold. The standard 14-in. 
rings will accommodate about twenty 
S & E reprints. $2.50 


[] The Fundamental Nature of Shock and 
Vibration: . Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The major types 
of vibration are discussed (periodic, random, 
structural and airborne); also the major 
types of shock (velocity, simple impulse, 
single complex and multiple). A section is 
devoted to the effects of shock and vibration 
on missile electronic components. Types of 
damage are analyzed; principles of testing 
given; specifications summarized. $1.00 


[1] Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of 
metallurgy and structural characteristics of 
metals are related to design concepts. The 
effects of environment and mechanisms of 
damage are illustrated. Iron and steel, alu- 
minum, precious and rare metals, copper, 
nickel and magnesium are presented in their 
basic design relationships to fundamental 
properties. $1.00 


C) Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection 
and radiation are derived. Dimensional anal- 
ysis used to establish the parameters and the 
various “numbers” (Reynolds, Prandtl, Nus- 
selt, Graetz, etc.) involved in convection 
expressions. Examples chosen from elec- 
trical and electronic (transistor) applica- 
tions. $1.00 

(Continued on page 220) 
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©) Fundamentals of Ferromagneusm, Marcn 
| 1959, 32 pages. A new approach to the 
“ study of magnetism, derived from modern 


solid-state physics. Includes: Origins of 


Ferromagnetism, Internal Structure of Fer- 
romagnetic Materials; Magnetization Curves; 
; Time Effects in Soft Magnetic Materials; 


Effects of Atomic Ordering in Alloys; Inter- 


N Wi N ] actions for Heterogeneous Systems. $1.00 
al K wy U E i wl 3 ul 0 N . [] Using Fourier Analysis in Design, Feb- 


ruary 1959, 16 pages. A thorough theoretical 
background on Fourier analysis is presented 
plus a discussion of the areas of application 
with specific examples to point up particular 
problems often encountered. Permits system 
devices to be designed or selected for a par- 
ticular transient performance on basis of 
steady-state sinusoidal action. $1.00 


COMPENDIUMS 


[) Automatic Control System Design, 64 
pages plus cover. A practical textbook on 
the design of servomechanisms. In the proc- 
ess of describing design by transfer function, 
system equation, and root-locus methods, 
techniques of analysis such as Bode dia- 
grams, Routh’s criterion, and Nyquist plots 
are also presented. Includes background 
material on complex variables and Laplace 
transforms, bibliography for further study. 
Originally published in ELecrricaL MANU- 
FACTURING as a series of six articles. $3.00 


{) Engineering Applications of Boo- 
The Tensor Reference Source lean Algebra, 68 pages. A design 


is an extremely accurate, guide to the analysis and synthesis of 
portable AC-DC voltage switching circuits and logic systems 


— both combinational and sequential 
source. Output voltage (AC —in any medium: mechanical, elec- 


or DC) is provided in 4 trical, hydraulic, electronic or solid 


ranges — 0 to .1, 1, 10 and 100 volts. AC frequency is line fre- eae — = veer = 
* * . ished articles pius a never-detfore- 
quency and provision is made to accommodate other frequencies. siitihed enone. $2.00 


The instrument can be used as a very accurate voltage source 
for meter calibration. It can also be used as a general source 
of AC or DC voltage with 10 watts of output power available. 0 Slide Rule Mathematics, 20 pages, plus 
Another feature of the Tensor Reference Source is its use as a 4 practice slide rules printed separately. 


highly accurate AC-DC voltmeter in the 0-100 volt range. Logical development of the slide rule's fun- 
damentals and complete concise instructions 


° for its use. Major topics include: The Basic 
APPLICATIONS: Slide Rule; Variations on Basic C-D Opera- 
Calibration of most AC-DC voltmeters! tion; Trigonometry; The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions; 


Source of accurate AC-DC power (up to 10 watts)! — Calculations; The Circular ieee 
ule, | 








Extremely accurate AC-DC voltmeter! eS 5 
[] Five-Year Annotated Editorial Index to 


General source of AC or DC voltage! Electrical Manufacturing, 60 pages. A short- 
cut to research for design engineers. Book 

lists, by functional subject classification and 
SPECIFICATIONS: with succinct annotations, every feature 
e article and major “Design Trends” short 


TPUT: . article published in ELECTRICAL MANUFPAC- 
cure © te 160 volts (AC or BC) in 4 ranges TURING during the 5-year period from 1951- 


ACCURACY: + .25% of set voltage above .01 volt 1955. $1.50 
+ .20% of set voltage (+ 5 micro-volts) 
below .01 volt O Casting Resins and Application Tech- 


PROVISIONS: For use of different frequencies OR for operation of niques, 52 pages. Eight previously published 
the instrument as a very accurate AC-DC voltmeter articles dealing with the embedment, encap- 


= aad sulation, and impregnation of circuit units 
STABILITY: After 15 minute warm-up, the output voltage will and components. Articles cover: property 
remain within specifications for at least a 5 minute data on casting resins; evaluation tests on 
period without readjusting the Reference Voltage resin systems; results of environmental tests: 
Control. This time is more than adequate for meter process control problems. $2.00 


calibration purposes. 


LOAD REQUIREMENTS: High power output — up to 100 ma load current 


Low power output — 2.5 meg. minimum load Postcard return cards are provided as 


a convenience to the reader in obtain- 
ing further information on— 
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TENITE 
POLYETHYLENE 


...found in the 
first families 
of coaxial cables 


AMPHENOL has been a pioneer in radio fre- 
quency cables since 1936, and offers one of the 
most complete lines of R-F coaxials in the 
world. Amphenol cables are characterized by 
top performance electrically and physically, 
and Tenite Polyethylene plays an important 
role in this performance both as a dielectric 
and as a jacketing material. 


As a dielectric, Tenite Polyethylene gives flex- 
ibility, high dielectric strength, low dielectric 
constant—at low cost. For an even lower di- 
electric constant, it can be expanded with gas 
into a cellular or “foamed” material. 


As a jacketing material, tough Tenite Poly- 


ethylene provides excellent. resistance to abra- 
sion, weathering, moisture and heat. Users can 
look forward to years of maximum protection. 
Its easy handling and stripping qualities make 
it a favorite with linemen. 


Tenite Polyethylene is easily extruded as jacket- 
ing or insulation for many diverse wire and 
cable applications. For more information on the 
outstanding electrical and physical properties 
of this versatile Eastman plastic, write EASTMAN 
CHEMICAL PRODUCTS, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, 
TENNESSEE. 


TENITE 


POLYETHYLENE 
an Eastman plastic 


@ Cable manufactured by Amphenol Cable & Wire 
Division, Amphenol-Borg Electronics Corporation, Chi- 
cago, Illinois. 


@ Both natural and black electrical grade Tenite Poly- 
ethylene are available to cable manufacturers in a 
unique spherical pellet form which flows freely in the 
extrusion process and-in “air-veying” of bulk ship- 
ments from truck to bin. 





LITERATURE for the Design Engineer 


For the convenience of readers and in conjunction with this issue’s Special Elec- 
trical Insulation Section beginning on page 147, items dealing with electrical in- 
sulation are grouped at the beginning of the listing below and are identified by 


arrows. Where applicable, booth numbers of exhibitors at the Chicago Nationa! 


] 


Conference on the Application of Electrical Insulation are appended. 


MAGNET-WIRE VARNISH 


> Bulletin S-123, four pages, presents 
data showing the results obtained with 
“TIsonel 31” varnish for use with Poly- 
Thermalese and similar magnet wire. 
Included is a graph on thermal life. 
indicating Class F, B or A capability. 
Suitability for rotors as well as stators 
is suggested by test results. Schenec- 
tady Varnish Co., Inc., Schenectady 1. 
N.Y. 

Ci:cle 756 on postcard at end of book 


SILICONE INSULATING VARNISH 
> Product Data Sheet SR-220 describes 
a low-temperature-curing impregnating 
varnish. Properties, typical 100- to 
150-C impregnation and curing cycles, 
alcohol-solvent system, and thermal sta- 
bility are topics covered in two-page 
publication. General Electric Co., Sili- 
cone Products Dept., Waterford, N. Y. 
(Booths 36, 37) 

Circle 757 on postcard at end of book 


SILICONES FOR THE DESIGNER 

> Sixteen-page catalog is divided into 
application categories. Four-page center 
section gives basic properties of silicone 
monomers, fluids, resins, emulsions and 
rubbers. Electrical uses of silicones are 
featured. Union Carbide Corp., Sili- 
cones Div., 270 Park Ave., New York 
17. (Booths 49, 50) 


Circle 758 on postcard at end of book 


SELECTION AND APPLICATION OF 
MOTOR INSULATIONS 


> Bulletin 1022, 12 pages, describes 
material properties and factors which 
determine the insulation system needed 
for specific electrical motor applica- 
tions. Fairbanks-Morse, Electrical Div., 
Freeport, Ill. 


Circle 759 on postcard at end of book 


MAGNET-WIRE BULLETINS 

> Bulletins 166, 28] and 391 contain 
detailed information on Poly-Therma- 
leze, Hermeteze and Nyleze magnet 
wire, respectively. Poly-Thermaleze is 
a Class A through F wire for multi-pur- 
pose applications in the electrical 
equipment field. Nyleze polyurethane- 
nylon wire may be applied where sol- 
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derability is required and the winding 
process is severe. Hermeteze Formvar 
urethane magnet wire is intended for 
hermetically sealed motors operating 
in R-12 and R-22 refrigerants. Phelps 
Dodge Copper Products Corp., Inca 
Mfg. Div., Fort Wayne, Ind. (Booths 
i 2 et 
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INSULATED WIRE 
>A 32-page catalog presents data on 
TFE-fluorocarbon insulated and shield- 
ed single- and multi-conductor cable 
and wire. Applicable military specifica- 
tions, electrical and mechanical charac- 
teristics are described. Thermal Wire 
of Amevica, Keeler’s Bay, South Hero, 
Vt. 
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ELECTRICAL INSULATION 
DATA FOLDER 
> Vinyl insulating 
coated fibrous-glass tubing, vinyl tapes 
and lacing cords are introduced in a 
six-page folder. Information given is 
applicable specifications, performance 
data and suggested applications for the 
Resinite materials, of which samples 
are included. Borden Chemical Co., 
Resinite Dept., Box 1598C, Santa Bar- 
bara, Calif. (Booth 51) 
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PRE-PRINTED INSULATING SLEEVING 


> Bulletin WHT-700 supplies a de- 
scription of heat-reactive tubing which 
is irradiated, flame-resistant polyethy- 
lene supplied in expanded form. Elec- 
tric strength is 800 vpm. Westline Prod- 
ucts Div., Western Lithograph Co., 
Box 2980 Terminal Annex, Los Ange- 
les 54. (Booth 87) 
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HEAT REACTIVE TUBING, 
BOOTS, TRANSITIONS 


> “Thermofit” Booklet RT5000, 17 
pages, presents features of a harnessing 
system which depends on the heat-reac- 
tive properties of slip-on neoprene and 
silicone rubber components (connector 
boots, cable break-out transitions, and 
heat-shrinkable tubing). Rayclad 


sleeving, viny]- 


Tubes. Inc., Oakside at Northside, Red- 
wood City, Calif. (Booth 118) 
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WIRE AND CABLE COATINGS 
> Eight-page Brochure 26 describes 
ethylene-butene polymer resins Series 
5000 for use as insulating coating for 
wire and cable. Resins provide good 
resistance to environmental _ stress- 
cracking, retain shape at -+250 F. 
Electrical and physical properties, in- 
cluding graphs, are presented. Phillips 
Chemical Co., Bartlesville, Okla. 
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INSULATING TUBING AND FILM 
> Four-page Bulletin PTFE describes 
applications and properties of fluoro- 
carbon tubing and tape for electrical 
insulation. Materials perform at Class 
H temperatures and retain values over 
a temperature range from —100 to 
+250 C. Minnesota Mining & Manu- 
facturing Co., 900 Bush Ave., St. Paul 
6, Minn. 
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MODIFIED-CELLULOSE CAST FILM 


> “Cyanocel” booklet reviews the prop- 
erties, both electrical and mechanical, 
of a modified cellulose for use in cast 
films or in moldings. As a film, tensile 
strength is 5380 psi, elongation at break 
is 9 per cent, electric strength is 1860 
vpm for 2.5-mil film in oil at 25 C for 
short time, while the dielectric constant 
is 13.0 at 100 cps. American Cyanamid 
Co., Petrochemicals Dept., 30 Rocke- 
feller Plaza, New York 20. 
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POLYVINYL FLUORIDE FILM 


> Basic Property Inférmation Catalog 
“Teslar” presents information on a 
plastic film with a high dielectric cons- 
tant in addition to excellent thermal- 
aging properties and chemical resist- 
ance. Applications included are elec- 
trical, plastics surfacing, metal pre- 
finishing, etc. E. I. DuPont de Nemours 
& Co., Inc., Film Dept., Wilmington 98, 

Del. 
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PUTTING MAGNETICS TO WORK 


Open your eyes to new amplifier designs! 


See how to combine tape wound cores and transistors 
for more versatile, lower-cost, smaller amplifiers 


Tie tape wound cores and transistors into a magnetic- 
transistor amplifier, and open your eyes to new design 
opportunities, 

‘To start with, these are static control elements—no mov- 
ing parts, nothing to wear or burn out. Next thing you 
find is that you reduce components’ size—your amplifier 
is smaller and costs less. That’s because between them 
the core and the transistor perform just about every cir- 
cuit function ... and then some. 


For instance? The core has multiple isolated windings. 
‘Thus you can feed many inputs to control the amplifier. 
The core also has a square hysteresis loop, and thus acts 
as a low loss transformer. That means you save power. 
In addition, the core can store and remember signals— 
so time delay becomes simple. 
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There’s no need for temperature stabilization, either. 
The transistor acts only as a low loss, fast, static switch— 
and in this function it has no peer. 


How do you want to use this superb combination? As a 
switching amplifier—or a linear one? In an oscillator? 
A power converter (d-c to d-c or d-c to a-c)? You'll have 
ideas of your own—and if they involve tape wound cores, 
why not write us? Ours are Performance-Guaranteed. 
Magnetics Inc., Dept. EM-81, Butler, Pennsylvania. 
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CAST FLUOROCARBON FILMS 


> Technical Notes CD-1 and CM-5850, 
each one page, offer general data and 
specifications of duplex-wound film for 
use as a capacitor dielectric and a 
metallized film which has aluminum 
vacuum-deposited on either one or both 
faces, with or without an insulated 
margin. Dilectrix Corp., Allen Blvd., 
Farmingdale, L. I., N. Y. 
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FLUOROHALOCARBON FILM 


> Product Data Sheet A-1-660 deals 
with the properties of Aclar film which 
contains no plasticizers, fillers or other 
additives. Electric strength varies from 
1600-2500 vpm for 2-mil thickness, de- 
pending on type of film. Surface re- 
sistivity is approximately 10'® ohm-cm 
at 77 F. Film properties, as explained, 
include flexibility to —320 F and re- 
tention of some useful properties up to 
+350 F. Allied Chemicals Corp., Gen- 
eral Chemicals Div., 40 Rector St., 
New York 6. 
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LIQUID VINYL COATING 


> Two-page data sheet offers informa- 
tion on liquid vinyl plastic that bonds 
to vinyl surfaces. Material meets MIL- 
1-631C; is applied by brush or dip, 
resulting in a high-quality insulating 
film. Spectra-Strip Wire and Cable 


FIRST TRULY 


VERTICAL 


er 


Daven’s Series 825 and 835 are the 


Corp., P.O. Box 415, Garden Grove, 
Calif. 
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FLUOROCARBON RESINS 


> Twenty-page Form A-15976 contains 
information on development, properties 
and special design considerations for 
TFE- and FEP-fluorocarbon resins for 
electrical and electronic systems. Num- 
erous curves and tables are given. E. 
I. Du Pont de Nemours & Co., Inc., 
Polychemicals Dept., Wilmington 98, 
Del. (Booths 40, 41, 42) 
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INSULATING RESINS 


> Technical Bulletin D12, 26 pages, 
describes resins, designated as the 
Buton series, for use as surface and 
wire coatings. Material is resistant to 
chemicals, offers good adhesion and 
is abrasion resistant. Enjay Chemical 
Co., 15 W. 51 St., New York 19. 
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HIGH-THERMAL-CONDUCTIVITY 
RESINS 


> Two data sheets review properties of 
epoxy compounds for potting and en- 
capsulation applications. Epoxy 2220 
is aluminum-filled, 2215B is mineral- 
filled, formulated to increase thermal 


conductivity. Epoxy Products, Inc., 137 


Coit St., Irvington, N. J. 


Circle 774 on wss-nege at end of book 


ENCAPSULATION SYSTEMS 


> Brochure reviews components and 
materials for encapsulating and potting 
applications. Information is presented 
on cups, resins, mold releases, and 
coatings. Properties and techniques are 
described. Electronic Production and 
Development, Inc., 205 S. Beverly 
Drive, Beverly Hills, Calif. 
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LIQUID EPOXY INSULATING SYSTEM 


> Bulletin E-291 is devoted to a two- 
component liquid casting system. Sys- 
tem is intended for void-free impregna- 
tion of fine-wire, interleaved, high-volt- 
age coils and is also used as the en- 
capsulating material. Hysol Corp., 
Electrical Insulation Div., Olean, N. Y. 
(Booths 67, 68) 
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MULTI-PURPOSE COMPOUNDS 


>A 43-page bulletin entitled “The 
Arocolor Compounds” discusses a series 
of chlorinated biphenyl polypheny] 
compounds. The chemicals are flame- 
retardant, are stable toward heat, acids 
and oxidation, and have good electric 
strength. Applications include use as 
dielectrics, heat transfer fluids and 
moisture-proof surface coatings. Mon- 
santo Chemical Co., 800 No. Lindbergh, 
St. Louis 66, Mo. 
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NICE LOW COST MINIATURE BEARINGS are unground 
bearings made to the highest quality standards and 
are designed to fill a growing need for inexpensive 
miniatures. They incorporate refinements of tolerance 
and finish which permit their successful use in many 
applications heretofore requiring costly precision min- 
iature bearings. Typical NICE Miniatures are illustrated. 


No. 6035-1 — Rear 
support bearing for 
print wheel carriage 
on electronic poten- 
tiometer. 


No. 6034-1 — Idler No. 6713 — Gear 
clutch bearing on 8 support bearing in 
mm motion picture saline meter mech- 
projector. anism. 


SComplete protection 
against dirt and foreign 
objects 


@ Balanced and unbalanced 
ladders and T-type attenu- ; (ea: ap 
ators A ts | a a == 
@ in 20 and 30 st — 6 long, 2 Yai \a-8 et) Oa 


ACTUAL O.D. 3/8 
ef With or without “‘Cue”’ & Available singly, or with a Write for Prints and 
position 3, or 4 units side by side 


FOR FURTHER INFORMATION WRITE: = ns 


~DAVEN- [O)) ras NICE BALL BEARING CO. 


DIVISION OF CHANNING CORPORATION 
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The BEST Solution to Difficult 
Speed Control Problems— 


LIQUID-COOLED EDDY-CURRENT 
COUPLINGS and DRIVES 


Dynamatic Liquid-Cooled Couplings provide in- 
finitely adjustable speeds for nearly every appli- 
cation from 3 to 75 HP. Note the absence of slip 
rings, brushes, and commutators. Heavy-duty types 
with capacities up to 5,000 HP are also available. 


‘‘Dynaspede"’ Drives are Dynamatic 
Liquid-Cooled, Stationary-Field Eddy-Cur- 
rent Couplings mounted integrally with 
standard, D-flange, squirrel cage motors. 
Available in capacities from 3 to 75 HP. 


HA, : Why 

eve 5 ae 

Dynamatic Liquid-Cooled Couplings and Drives provide infinitely adjust- 
able speed from a constant speed source—or constant speed from a variable 
speed source. They operate on standard alternating current. Rotary power 
is transmitted through the coupling by an electromagnetic reaction between 


the driving and driven members of the unit—there is no mechanical contact 
of rotating members to cause wear and require adjustment or replacement. 


A wide range of standard and special control features may be obtained 
from a remotely-mounted electronic control system. Infinite speed adjust- 
ment, constant speed control, on-off clutch control, torque limit, accelera- 
tion control, inching, and threading are a few of the many functions avail- 
able. The addition of an eddy-current brake to standard couplings or drives 
provides smooth, cushioned stops and controlled deceleration. 


Liquid-Cooled Dynamatic Couplings and Drives deliver more horsepower 
than other types of the same physical size, thus conserving space in a busy 
machine area. Efficient heat dissipation permits continued operation at 
low speeds, or stall with full load. 


Completely enclosed, Dynamatic liquid-cooled units are protected from 
dust, dirt, and other atmospheric impurities. Dynamatic design involves no 
brushes or slip rings; there is no possibility of arcing. With simple modifi- 
cation these units can be made explosion-resistant for anbens applications. 


Send for Our New Illustrated Bulletin. 


EATON 
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Infinitely Adjustable Speeds 
from AC Power 


*« 


Full-Torque Starts 


«x 


Wide Range of Control Functions 


*« 


No Slip Rings, Brushes 
or Commutators 


* 


Completely Enclosed Design 


*« 


Low-Cost Maintenance 


DYNAMATIC DIVISION 


MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE 


* KENOSHA, WISCONSIN 
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SILICONE INSULATING TAPES 


> Product bulletin contains informa- 
tion on unsupported silicone rubber 
tapes for use at temperatures in excess 
of Class H requirements. In addition, 
features of a self-adhering triangular 
tape are given. Moxness Products, Inc., 
1915 Indiana St., Racine, Wis. (Booth 
95) 
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PLASTIC DATA CHART 


> Property chart, 11 x 13 in., lists elec- 
trical, structural and thermal data on 
flame-retardant diallyl phthalate plas- 
tics. Applicable military specifications 
for each material are presented. Mesa 
Plastics Co., 12270 Nebraska Ave., Los 
Angeles 25. 
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POLYPROPYLENE MOLDING AND 
EXTRUSION GRADES 


> Technical Data Booklet AP-601 re- 
views features of a light, heat-resistant, 
rigid, chemical-resistant _ polyolefin 
thermoplastic. Outstanding characteris- 
tics given are specific gravity of 0.910- 
0.920, stiffness modulus of 180,000 psi 
and very low losses in a-c fields. Con- 
tains tables of physical, electrical and 
chemical properties of two grades. In- 
formation on typical applications, color- 
ing, forming and finishing are given. 


ELECTRICAL PORCELAIN 
Built to your Drawings and 
Specifications « Send us your inquiries 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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AviSun Corp., Post Rd., Marcus Hook, 
Pa. 
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PLASTICS CATALOG 


> Revised and expanded four-page 
comparison table of chemical, electri- 
cal, and mechanical properties of 14 
plastics families is featured in 64-page 
catalog. Lists sizes, weights, color 
ranges and grades. Available in sheets, 
rods, tubes and blocks. Cadillac Plas- 
tic and Chemical Co., 15111 2nd Ave., 
Detroit 3. 
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MICA 


> Technical Bulletin No. 1, the first 
in a series of such publications, con- 
tains technical data on mica and per- 
tinent ASTM specifications. Electrical 
and mechanical properties are listed. 
Mica Industry Association, Inc., 420 
Lexington Ave., New York 17. 
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MOLDED COIL BOBBINS 


Bulletin 3003. two pages. reviews the 
types of small thermoplastic bobbins 
which may be supplied from stock or 
made to specifications. Material used 
may be nylon, Delrin, Kel-F, Genetron 
or other thermoplastics. Gries Repro- 
ducer Corp., 125 Beechwood Ave., New 
Rochelle, N. Y. 
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WIRE-STRIPING GUIDE 


“A Design Engineer’s Guide to Custom 
Wire Striping” is a four-page brochure 
designed to help draw up color-coded 
wire specifications. Two-color chart 
clarifies MIL-W-76A and MIL-W- 
16878C. Alpha Wire Corp., 200 Varick 
St., New York 14. 
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CORROSION SLIDE RULE 


Sliding cardboard 4 x 8-in. corrosion 
computer determines how each of eight 
metals withstands corrosive effects of 
141 chemicals. Metals include brass 
and naval bronze, silicon bronze, monel 
metal, copper, aluminum, and various 
types of stainless steel. H. M. Harper 
Co., Morton Grove, Il. 
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HYDRAULIC PRODUCTS 


Products for industrial, marine and 
ordnance fields are described in 74- 
page Catalog 5001C. Equipment cov- 
ered includes power packages, servo 
valves and systems, vane pumps, piston 
pumps, pressure controls, flow controls, 
directional controls, control assemblies, 
hydraulic motors, variable-speed drives, 
hydraulic cylinders and accessories. 
Vickers, Inc., Div. of Sperry Rand 
Corp., Detroit 32. 
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Made in strip form, and 
supplied on reels, AUTO- 
BANDS are automatically 
fed into a new type machine 
to provide tight, permanent, 
cost-saving joints in electric 
wires, sizes #20 to #14, as 


fast as they can be positioned by operator. In a single 


operation, the band gathers every strand of both wires 
and joins them in a union that meets strong pull tests and 
withstands molding pressures. No cutting punches used. 
New technique bands one, two or three wire cords; 
stranded to solid wires; two separate wires to single 
one; or a variety of combinations. Continuous wires from 
either side can be located quickly at full vision rolling 
tool. Bands may be numbered for identifying leads. 
Sample AUTOBAND applications sent on request, or 
made to your specifications. Send wires and instructions. 


Electric Terminal Corp., P. 0. Box 2217, Providence 5, RI. 
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Ledex Rotary Solenoid 
5 OD 


The Ledex Method of actuation 
and control gives instantaneous 
high-torque-to-size rotary motion 
and high-thrust-to-size piston mo- 
tion, for reliable remote mechan- 
ical actuation or remote control of 
rotary-type switches. 

The efficient Ledex Rotary Sol- 
enoid is the heart of this method. 
Available in 8 compact sizes, with 
operating voltage from 3 to 300 
V.D.C. Over 240 stock models 
ready for immediate shipment. 
Used in thousands of applications 
including valves, tape recorders, 
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BASIC INFORMATION 


LS 
RS 


High-torque-to-size rotary motion 
High-thrust-to-size piston motion 
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waveguide switches, sorting equip- 
ment, gyrocaging, computers, wire- 
less teletypes, vending machines, 
typesetters, missile guidance and 
ground support equipment. 
Other Ledex Method products 
are Syncramental Stepping Mo- 
tors, Rotary Stepping and Select- 
ing Switches. Write for Bulletin 
A-1259, mentioning application, 
to Ledex Inc., Dayton 2, Ohio; 
Marsland Engineering, Ltd., 
Kitchener, Ont.; NSF Ltd., 31 Al- 
fred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 





MINIATURE PRECISION 
DIFFERENTIALS 


Product Data 2001 and 3001, two 
sheets, offer specifications on hollow- 
shaft and_ solid-shaft differentials. 
Backlash rating is 5 minutes max, Pre- 
cision Class 2 gears are utilized. In- 
cluded are drawings describing sizes 
available. Empire Flight Components, 
Inc., Merrick Rd., Bellmore, N. Y. 
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PARALLEL-SHAFT SPEED REDUCERS 


Book 2719 contains 36 pages on par- 
allel-shaft speed reducers in 57 sizes. 
Single-, double- and triple-reduction 
units available in capacities to 2800 
hp, ratios to 292:1. Selection data, rat- 
ing tables, dimensions and ratios are 
included. Link-Belt Co., Dept PR, Pru- 
dential Plaza, Chicago 1. 
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COPPER ALLOYS 


Eight-page technical bulletin provides 
a rapid check list for electrical con- 
ductivity ratings of 56 copper alloys. 
Listed also are available mill shapes 
for each alloy and typical uses in elec- 
trical and electronic apparatus. Tech- 
nical data sheets provide more detailed 
information on nine groups of alloys. 
Bridgeport Brass Co., 30 Grand St., 
Bridgeport 2, Conn. 
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DESIGN 
TIMING 
RELIABILITY 
INTO 
YOUR 
CIRCUITS 


specify... 


NEW MINIATURE AGASTAT’ 


time | delay / relays 


® Recycling virtually instantaneous—less than .020 seconds 
® Unoffected by Voltage fluctuations (from 18 to 32 volts DC) 


® Repeat Accuracy +5% 


This new AGASTAT meets the environmental requirements of MIL-E- 
5272A. Built to withstand the rugged conditions of missile and aircraft 
applications. Lightweight—less than 15 ounces. Space saving—45/” 
tall... 1%.” wide... 114” deep. Adjustable, with time delays from 


POWDERED-METAL PARTS 


“Design for Efficiency and Economy” 
is an eight-page brochure describing 
powdered-metal techniques. Included 
are mechanical properties and pre- 
ferred-design charts. American Pow- 
dered Metals, Inc., North Haven, Conn. 
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CERAMIC MAGNETS 


Two-page data sheet contains applica- 
tions data, list of typical properties, 
and demagnetization curve of ceramic 
magnets. Typical intrinsic force of 
ceramic magnet is 3050 oersteds. D. M. 
Steward Mfg. Co., Chattanooga, Tenn. 
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PERMANENT MAGNETS 


Illustrated 54-page catalog contains 
important characteristics of new de- 
signs in multiple casts, blocks, bars, 
solid and hollow cylinders, salient-pole, 
curved-path and ceramic permanent 
magnets. Applications Research Div., 
General Magnetic Corp., 10001 Erwin 
Ave., Detroit 34. 
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POWDER-METALLURGY 
QUARTERLY 


Latest issue of Powder Metallurgy 
Quarterly features 6 pages of electri- 
cal applications of powder-metallurgy 
parts. Applications include conductors, 


solenoids, relay components and slip 
rings. Metal Powder Industries Federa- 
tion, 60 E. 42 St., New York 17. 
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BERYLLIUM COPPER SPRINGS 


Catalog 11 contains 20 pages of speci- 
fications and engineering data on a 
variety of off-the-shelf beryllium-copper 
products such as strip springs, contact 
strips, contact rings, screw machine 
products, compression springs and flat 
springs. Instrument Specialties Co., 
Inc., 254 Bergen Blvd., Little Falls, 
NZ, 
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SELF-SEALING SCREW 


Fourteen-page catalog lists sizes and 
types of self-sealing screws used for 
positive liquid seal in wide pressure 
range. O-rings of various materials are 
used for sealing screws. Aero Bolt and 
Screw Co., 1071 W. Arbor Vitae, Ingle- 
wood, Calif, 
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BALL-BEARING SLIDES 


Illustrated 16-page catalog contains di- 
mensional information, mounting pat- 
terns and descriptive data on ball-bear- 
ing slide mechanisms for mounting 
electronic gear. Shock blocks to pre- 
vent damaging transmission of shock 
or vibration are also described. Jona- 


for the best in ceramics... 


@ If you have been looking for a supplier of 
electrical porcelain that produces consistent top 
quality parts order after order, we invite you to 


investigate STAR for all your needs. Here at STAR, 
we operate under rigid quality standards from basic 


030 to 120 seconds. Choice of operation for energizing or de-energiz- 
ing. For complete specifications, write Dept. A37-1221. 


-AGASTAT TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
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raw materials to finished product. Close inspection by 
an experienced statistical quality control group helps 
you reduce assembly problems and resultant factory 
losses. Write today. We are eager to work with you. 


[iat: STAR Porcelain Company 
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ANACONDA SILOTEX—THE ALL-GLASS-INSULATED CLASS H 
MAGNET WIRE WITH EXTRA OVERLOAD PROTECTION 


300C operation continuously for over 5000 hours before 
failure—this is the kind of high-temperature punishment with- 
stood by a motor wound with Anaconda Silotex Magnet Wire. 

A leading American motor manufacturer conducted these 
severe thermal-overload tests to find out just what Anaconda’s 
silicone-bonded, all-glass-insulated magnet wire could really 
do. The winding withstood a 66 per cent overload for over 
5000 hours before failure. 

Although Silotex is officially rated as a Class H insulation 
(AIEE), capable of withstanding “hot spot” temperatures ol 
180C, resistance to high temperatures is only part of the 
reason why it gives long continuous service. It also has 
excellent moisture resistance, outstanding dielectric strength. 

Where this maximum overload protection is not necessary, 


and where mechanical abuse during winding may occur, 
fused Dacron* fibers are substituted for some of the glass, 
giving additional abrasion resistance. This Silotex-D is man- 
ufactured to the same rigid quality requirements as Silotex 
and all of Anaconda’s other magnet wire products. 
Whatever your application, Anaconda has a glass or glass- 
combination insulation to fit your requirements—and in a 
full range of sizes—rounds, squares, and rectangulars. The 
next time you have requirements, contact your nearest 
Anaconda Wire and Cable Company district office for help 
in selecting the right glass-insulated magnet wire. Or—for 
more information, write: The Anaconda Wire and Cable 
Company, 25 Broadway, New York 4, N. Y. 


60256 


‘duPont registered trademark 


ASK THE MAN FROM ANACON DA | AsouT GLASS-INSULATED MAGNET WIRE 


ANATHERM 15° ‘ NYFORM 


PLAIN ENAMEL 


FORMVAR 10: ANALAC 105¢ 





than Mfg. Co.. 720 E. Walnut Ave., 
Fullerton, Calif. 
Circle 796 on postcard at end of book 


ADHESIVE-BACKED NAMEPLATES 


Eleven-page portfolio contains produc- 
tion samples of adhesive-backed ma- 
terials. including mylar, vinyl, acetate 
and aluminum, which can be used as 
nameplates, signs or decorative trim. 
Allied Decals Inc., 20700 Miles Ave.. 
Cleveland 28, Ohio. 
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TEST INSTRUMENTS 
Catalog ES9, 24 pages, lists complete 
line of instruments for measurement 
of sound, vibration and strain. Includ- 
ed are descriptions and specifications 
of instruments and accessories. B & K 
Instruments, Inc., 3044 W. 106 St., 
Cleveland 11, Ohio. 
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TRANSISTOR TEST SET 

Panel-mounted test set Model TTS-100. 
described on data sheet, makes meas- 
urements of power-transistor d-c char- 
acteristics. Leakage currents, d-c gain, 
transconductance, input impedance, 
power conductance, saturation voltage 
and saturation resistance are measured. 
Punch-through voltage is determined 
without damaging the transistor. Com- 


mand Systems Inc., 1135 N. Stanford 
Ave., Los Angeles 59. 
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DIELECTRIC ANALYZER 


Brochure. 4 pages, describes portable 
instrument which gives direct reading 
of dielectric constant and dissipation 
factor. Designated Model 168, the unit 
can be used for solids and_ liquids. 
Measurements are non-destructive; 
preparation of sample not required. 
Delsen Corp., 719 W. Broadway, Glen- 
dale, Calif. 
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HIGH-POTENTIAL CIRCUIT TESTER 
Bulletin 7-55 is a two-page data sheet 
on a semi-automatic high-potential cir- 
cuit tester for detecting high-resistance 
leakage breakdown, arcing or shorting. 
Unit can test 167 related circuits simul- 
taneously. Trans-America Dynamics 
Corp., 149-A Babylon Turnpike, Roose- 
wo is 1 Ly. 

Circle 801 on postcard at end of book 


SEQUENCE RECORDER 


Bulletin 860 describes and illustrates 
applications of operation (event) re- 


corders. Instruments monitor and re- 
cord 5 to 20 “on-off” production or re- 


search operations on a time-calibrated, 
rectilinear chart. Recorders are used 
on machine tools to note down-time. 


and in laboratories. The Esterline-An- 
gus Co., P. O. Box 596, Indianapolis, 
Ind. 

Circle 802 on postcard at end of book 


OSCILLOSCOPE 
Three-page brochure describes Type 
1100R, 7-in. high rack-mounted oscillo- 
scope. Adaptability provided by two 
plug-in units: Type 100 (for use as 
X-Y plotter) provides 40 mv/cm sen- 
sitivity, bandwidth of d-c to 500 ke; 
Type 700 dual-channel plug-in pro- 
vides 100 pv/cm sensitivity, bandwidth 
of d-c to 150 ke. Analab Instrument 
Corp., 30 Canfield Rd., Cedar Grove, 
M8. 

Circle 803 on postcard at end of book 


PEAK-READING VOLTMETER 


Technical Data Sheet 1M-1015A offers 
information on Model BRV-2 voltmeter 
that displays peak values of positive 
transient voltage pulses. Applications 
and specifications are listed for the 
unit, which has digital read-out. Elec- 
tronics Division, Curtiss-Wright Corp., 
P. O. Box 8324, Albuquerque, N.M. 
Circle 804 on postcard at end of book 


VHF FREQUENCY METER 


Two-page Bulletin FM-7 describes con- 
tinuously variable AM-FM frequency 
meter designed to measure and gener- 
ate from 20 to 1000 mc within 0.0001 


WEAR-FRICTION COMPARISON 


GENERAL ELECTRIC VS. CONVENTIONAL MOTOR 


from 


Bt 


Ce lite ag 
eT Xa es 
means DEPENDABILITY 


Sadan a ie 
a 


NL 


TYPICAL CONVENTIONAL COMPOSITION BEARING IN 
THIS PRICE CLASS (GREATER SPEED BRINGS LITTLE 





TYPICAL GE 

UNITIZEO 33- FRAME 

BEARING (SUPPORTS LOAD ON 
YORODYNAMIC FILM) 


RISE IN CURVE AFTER BOORP.M DUE TO 
HYDRAULIC RESIS TANCE, NOT WEAR 


COEFFICIENT OF FRICTION 


200 400 800 1200 1600 2000 2400 2800 3200 3600 
SPEED IN R.P.M, 


Long life in Miutized motors results 


from new bearing design 


Bearing wear in General Electric Uni- 
tized motors is greatly reduced as com- 
pared to conventional composition bear- 
ings. This is due to the hydrodynamic 
oil film developed by the G-E lubrica- 
tion system. Thus these motors are ideal 
for refrigeration and other applications 
where long life without maintenance is 
ere essential. G-E Unitized motors operate at 
service life. sound levels 25% below conventional 
There is a DECCO solenoid to meet your require- motors, and their starting characteristics 


ae are excellent even at low temperatures. 
ments. Oil immersed, push or pull, shock mounted, - 5 P 
ee Trademark of General Electric Co. 
A.C. or D.C., mammoth or miniature, they have 


to be good to be DECCO. Write for catalog. FREE 
- BULLETIN 


DECCO solenoids’ unique engineering features and 
top quality materials have greatly extended their 


G-E shaded-pole Uni- 
tized motor. From 1 
mhp to 20 mhp, 2 pole. 


GENERAL@Q ELECTRIC 


ELECTRO-TECHNOLOGY 


Write to Section 727-02, 
Schenectady 5, N. Y. 


OMPANY 
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for a ‘‘creative analysis”’ 
of your circuit 


termination program... 


That's what C A is all about—time, your time... 


and money and circuit reliability. 


AMP's Creative Analysis is a cost-free 
program that studies every aspect of your 
termination department and its relation to your 
total manufacturing operation. Not a 
superficial glossing of obvious facts, C A is a 
penetrating, thorough examination by 

a team of experts. 


We've done hundreds of Creative Analysis 
Studies, cutting costs 50%, 100% and 
more . . . boosting production manyfold 

. and solving the most stubborn 
problems of reliability. 


It's time to look at your circuit termination 
program—time to discover if you have the most 
efficient operation possible. In fact, it's time 


to send for our brochure on C A. 





A ons : fs Ba 6 ry i vay oe sii: i . op 
ye E ;. & ~ 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia e Canada e England « France « Holland e italy « Japan « West Germany 
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per cent accuracy. Illustration, descrip- 
tion, specifications included. Gertsch 
Products, Inc., 3211 S. La Cienega 
Blvd., Los Angeles 16. 

Circle 805 on postcard at end of book 


VACUUM GAGES 


A 32-page Publication 9-1 offers com- 
plete descriptions of manometers, 
thermal gages, ionization gages, and 
sensing tubes. Data table lists measure- 
ment ranges, mounting configuration, 
mechanical dimensions. Consolidated 
Vacuum Corp., 1775 Mt. Read Blvd., 
Rochester 3, N.Y. 

Circle 806 on postcard at end of book 


PRESSURE GAGES 


Six-page Bulletin 3020 describes and 
pictures. 20 pressure gages, thermom- 
eters and control equipment, such as 
indicating controllers, recorders, valve 
positioners, etc. United States Gauge, 
Div. of American Machine and Metals, 
Inc., Sellersville, Pa. 

Circle 807 on postcard at end of book 


SYSTEMS ENGINEERING HANDBOOK 


Application notes in 44-page handbook 
show how to assemble systems for pre- 
cise measurement of pressure, force 
and temperature, and for determina- 
tion of ratios, summations, integrals, 
mass flow rates and center of gravity. 
Compatible building-block components 





of FM system also described. Wiancko 
Engineering Co., 255 No. Halstead, 


Pasadena, Calif. 
Circle 808 on postcard at end of book 


TRANSDUCERS AND 
INSTRUMENTATION 
General 32-page catalog contains illus- 
trated data on pressure transducers, 
linear and angular accelerometers, 
load cells, amplifiers, power supplies, 
bridge balances, strain gages and 
force/ displacement transducers. Selec- 
tion charts keyed to instrument ranges, 
table of conversion factors also includ- 
ed. Statham Instruments, Inc., 12401 
W. Olympic Blvd., Los Angeles 64. 
Circle 809 on postcard at end of book 


SPECIAL-PURPOSE FILTERS 


Bulletin 578 offers information on 
filters for telemetering, band pass, 
amplifier, discriminator and aircraft 
glide-slope indicator applications. Units 
are hermetically sealed, and meet MIL- 
F-18327A. Detailed specifications, in- 
cluding bandwidth data and attenua- 
tion curves, are shown. Chicago Stand- 
ard Transformer Corp., 3501 W. Addi- 
son St., Chicago 18. 

Circle 810 on postcard at end of book 


FREQUENCY STANDARDS 


Series of technical bulletins offers 
information on 400-cycle secondary fre- 


Wa 


manual 


MODEL 86 


FOR MANUAL START AND AUTOMATIC STOP 
FOR ANY TIMED PROCESS OR OPERATION 


% Compact — requires only 


7/2 sq. in. for mounting position 
% Accurate — maintains y& Timing Range —0.2 sec. 
+15% of mean setting to 60 sec. 


% Operates on 90% captive air principle 


A high quality —low cost timer whose mechanical 
life has been tested to over 10 million operations. 


(Switch 1 million). 


3% May be mounted in any 






seer 
Page ees 





Size I Nylon Body 


P | PERMANENMW~PILO?7 
pneumatic & on 


timer. 


| OMNI- 


pon Nut Pen = 46! 


Sripped & tinned — 


Leod Length—4%" 





quency standards. Units are crystal- 
oscillator type with solid-state tempera- 
ture control. Operating characteristics 
are listed. Designers For Industry, 4241 
Fulton Parkway, Cleveland 9, Ohio. 
Circle 811 on postcard at end of book 


SUBCARRIER OSCILLATOR 
Four-page folder offers detailed speci- 
fications on Model 0-20 solid-state os- 
cillator for FM telemetering systems. 
Unit operates over temperature range 
of —55 to +125 C; withstands 100 g 
shock; weighs less than 4 oz. Dorsett 
Electronics Labs, Inc., 119 W. Boyd, 
Norman, Okla. 

Circle 812 on postcard at end of book 


1-F/R-F/MICROWAVE CATALOG 


Eight-page bulletin describes line of 
modular i-f amplifiers, klystron auto- 
matic frequency controls, microwave/ 
i-f converters and _ high-temperature 
solid-state power supplies. Orion Elec- 
tronic Corp., 108 Columbus Ave., Tuck- 
ahoe, N. Y. 

Circle 813 on postcard at end of book 


R-F POWER AMPLIFIER 


One-sheet brochure describes 
turized r-f power amplifier 1114A/1114- 
B. Unit is 44% x 234 x 2% in.; weight, 
14 oz. Output, 15 watts in 215-260 mc 
long-range telemetry band. Reliable 
operation at extreme temperatures and 


minia- 


LIGHT 


Set 


“GLOW 


ADD GLOW TO THE 
LIFE OF YOUR PRODUCT 


OMNI-GLOW Pilot Lights are 
designed for up to 25,000 
hours of operation—providing 
glow for the life of your 
product. OMNI-GLOW is easily 
attached to panels of any 
thickness by a vibration-proof 
speed nut—combining 
permanent fool-proof mounting 
with production economy. 
Ruggedly constructed to with- 
stand rough duty service, 
OMNI-GLOW is available in a 


—_ 


Write for Bulletin No. 1620 for complete specifica- Fast, simple, permanent mounting variety of styles to meet your 
tions, Address Dept. EM-1260 through single 2” panel hole. Speed- design requirements. Write 
nut supplied for tool-less attachment. today for a sample and 


BLISS 


nace ( F MANUFACTURING DIVISION //2424800, 


Of The Gamewell Company 


AN E. W. BLISS COMPANY SUBSIDIARY 
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detailed catalog. 


WRITE FOR COMPLETE TECHNICAL MANUAL 
AND OMNI-GLOW CATALOG... 


industrial Devices, Inc. 


EDGEWATER 11, NEW JERSEY 











































































OVERLOAD 
RELAYS 


GENERAL- 


PURPOSE 


CONTACTORS 


~~ GENERAL- 
- PURPOSE 
RELAYS 


GENERAL ELECTRIC DC CONTACTORS AND RELAYS 


Over 100 devices — available when you need 


Now... 
delivery of a particular contactor or 


you don’t need to wait for 


relay ... or to carry a large inventory 
... Just to be sure you have the correct 
device for a job. With General Elec- 
tric’s new d-c contactors and relays— 
featuring “building-block” design—you 
assemble the device you want 

when you need it ... from standard 
components right in your own plant. 
More than a hundred different devices 
can be assembled from a parts stock of 


as few as a dozen General Electric 
“building-block”? components! 

This amazing versatility means im- 
mediate availability of any General 
Electric device. A “universal” contact 
block is the building unit for all types 
of contactors and relays. Choice of the 
frame-and-coil assembly and standard 
assembly kit permits variation in de- 
vices to meet your specific application. 

Three types of contactors and six 
types of relays—for general purpose, 


them 


mill-duty, overload and timing applica- 
tions—can be assembled using this 
unique, cost-saving approach. 


NEED OTHER COMPONENTS? 

General Electric also has complete 
lines of plate rheostats and resistors 
for all your control needs. For more 
information, contact your General Elec- 
tric Sales Representative or mail this 
coupon today! Industry Control De- 
partment, Salem, Virginia. 


GENERAL @@ ELECTRIC 


To: Section D784-26 
General Electric Co. 
Schenectady 5, N. Y. 

Please send the following bulletins: 
O GEA-6621—D-c contactors and relays 
O GEA-6592—Resistors 
0 GEA-6474—Plate-type field rheostats 


Resistors—vitreous-enameled and wire- and 
tibbon-wound types from 5 to 1210 watts. 
Fixed, slide-wire, or tapped types available. 


Plate-type rheostats—windings are com- 
pletely encased in metal to give longer and 
more reliable service for any application. 


Name_____ 7 nial 
Company 

eg EE 

a 


State 
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up to 100,000 ft. Tele-Dynamics Div., 
American Bosch Arma Corp., 5000 
Parkside Ave., Philadelphia. 

Circle 814 on postcard at end of book 


D-C POWER SUPPLIES 


One-page Bulletin 105 describes and 
illustrates series of solid-state d-c power 
supplies. Four models, with output 
voltage range of 4 to 32 volts d-c, cur- 
rent ratings from 1.5 to 15 amp, and 
regulation within +14 per cent, are 
covered. Opad Electric Co., 43 Walker 
St., New York 13. 

Circle 815 on postcard at end of book 


POWER SUPPLY FOR TRANSISTORS 
Two-page Bulletin MP40-2 describes 
miniature portable power supply for 
remote programming and experimenta- 
tion with transistor circuits. Supply 
has load regulation of 0.05 per cent, is 
protected against overload. Mid-East- 
ern Electronics, Inc., 32 Commerce St., 
Springfield, N. J. 

Circle 816 on postcard at end of book 


SCR PHASE CONTROLLERS AND 
SERVO AMPLIFIERS 

Four-page Bulletin 6071 describes 
modular phase controllers and silicon- 
controlled-rectifier amplifiers. Bulletin 
includes typical module arrangements, 
transfer characteristics, outstanding 
features, application data, wiring dia- 


grams and specification charts. General 
Electronic Control, Inc., 8001 Bloom- 
ington Freeway, Minneapolis 20, Minn. 

Circle 817 on postcard at end of book 


MAGNETIC AMPLIFIERS 


Four-page Bulletin 260 uses charac- 
teristic curves, photos and circuit dia- 
grams to explain principles of designing 
with magnetic amplifiers. As examples, 
three-phase magnetic amplifier, static 
exciter and other basic types are used. 
Polyphase Instrument Co., Bridgeport, 
Pa. 

Circle 818 on postcard at end of book 


RECEIVING TUBES 


Receiving tube bulletin contains com- 
plete specifications and base diagrams 
for over 60 tube types, including full 
range of frame-grid designs. Interna- 
tional Electronics Corp., 81 Spring St., 
New York. 

Circle 819 on postcard at end of book 


SILICON DIODES 


Four-page brochure lists characteristics 
of hermetically encapsulated diodes 
meeting MIL-S-19500B. Max power dis- 
sipation is 250 mw at 25 C. Operating 
temperatures range is —65 to +200 C. 
Computer Diode Corp., 250 Garibaldi 
Ave., Lodi, N.J. 

Circle 820 on postcard at end of book 
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FOR GAGES 


CONSTANT voirace 


from the 


CURRENT 


SAME TERMINALS! 


MODEL 4005 is a 40 volt, 


SILICON POWER RECTIFIERS 


Two-page bulletin contains application 
data, electrical and mechanical charac- 
teristics and circuit configurations of 
double-diffused silicon power rectifiers 
rated to 6 amp in half-wave and 30 
amp in full-wave circuits. Trans-Sil 
Corp., 55 Honeck St., Englewood, N. J. 

Circle 821 on postcard ai end of book 


GERMANIUM POWER TRANSISTOR 


Bulletin E-376, four pages, offers en- 
gineering data on p-n-p power transis- 
tor, designated JAN-2N158. Includes 
electrical and mechanical data, graphs 
depicting operating characteristics. 
CBS Electronics, 100 Endicott St., 
Danvers, Mass. 

Circle 822 on postcard at end of book 


INDUSTRIAL ELECTRIC HEATERS 


Bulletin GEC-1005K, a 48-page catalog, 
lists product and application data for 
finned tubular, forced- and natural- 
convection air heaters. In addition, 
there are sections on heater-control ap- 
plication and selection. Photos, wiring 
diagrams and dimensional 
are shown. General Electric Co., Sche- 
nectady 5, N.Y. 

Circle 823 on postcard at end of book 


drawings 


WIREWOUND POWER RESISTORS 


Engineering Bulletin 7350 contains 12 
pages of application data, performance 


20 to 
200 D.P. 


Send your prints 
for quotations 


SPURS 
HELICALS 


WORM AND 
WORM GEARS 


STRAIGHT BEVELS 
LEAD SCREWS 
RATCHETS 
CLUSTER GEARS 


$1.4350 500 ma, regulated DC Re. —: 
power supply incorpo- 
F.0.8. rating AMBITROL,* a 


FACTORY transistorized regulator cine Maite.-in bur modem 
permitting continuous 


shop. Tell us your needs. 
control of voltage or cur- 


rent to .05% with adjust- Sia asa 
Write For able automatic electronic 
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*TM or current regulation. 
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WESTBURY, NEW YORK 1035 PARMELE STREET, ROCKFORD, ILLINOIS 
EDgewood 3-6200 (LD Area Code 516) 
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Engineered by Tinnerman... 


SPEED CLIPS’ reduce costs, simplify assembly 
and servicing on Maytag “Halo of Heat” Dryer 


Clothes are dried efficiently in the famous Maytag 
“Halo of Heat” automatic dryer. And now the 
quality of the “Halo of Heat” dryer is even better 
than ever because its unique circular heating ele- 
ment is fastened quickly, securely by 22 special 
Tinnerman SpeEEep Cups developed by joint efforts 
of Tinnerman and Maytag designers. 


Each one-piece SPEED CIP eliminates a separate 
welding operation on the “Halo of Heat” assembly. 
Various screw-driving operations formerly required 
on Maytag’s assembly line to capture the ceramic 
insulator and secure the mounting clamp were also 
eliminated, with equally interesting reductions in 
cost. Now, the stainless steel, vibration-proof 
fastener is snapped in place with simple “button- 
hook” action. No special skills or equipment are 
required. Assembly and parts costs have been 
reduced ... substantially! Serviceability in the field 
has been improved. 


A free Tinnerman Fastening Analysis of your 
own product can show you where similar assembly 
and cost-saving advantages are possible. Call your 
Tinnerman representative—he’s listed in the Yellow 
Pages under “Fasteners”. Or write to: 


TINN ERMAN PRODUCTS, INC. 
Dept.12 » P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Neidelberg, 
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good reasons 


why you should 


Chromate Conversion Coatings 


FOR FINISHING ZINC OR CADMIUM 


CORROSION PROTECTION—The wide range 
of Iridite coatings available gives you a 
choice of corrosion protection—from eco- 
nomical, mild protection of parts for 
shipment, storage or display, to extremely 
high protection under exposure to marine 
and highly humid atmospheres, gasoline 
or other hydrocarbons. 


PAINT BASE—For an extremely tight bond 
for either baked or air-dried paints, non- 
porous Iridite blocks moisture penetra- 
tion—prevents formation of metallic soap 
products beneath paint coatings. 


APPEARANCE—Your choice of colors rang- 
ing from clear through yellow iridescent 
to olive drab. Bright Iridite finishes can 
also be dyed to provide other color effects. 


SPECIAL EFFECTS — Iridite, in combination 
with other Allied Research processes, can 


provide a wide variety of finishes. As an * 


example, Iridite 8-P applied to zinc or 
cadmium, followed by an application of 
Irilac, gives a highly attractive simulated 
brass finish. 


IRIDITE—ca specialized line of chromate 
conversion coatings for nonferrous metals. 
Easily applied at room temperatures with 
short immersion times, manually or with 
automatic equipment. Forms a thin film which 
becomes an integral part of the metal. 
Cannot chip, flake or peel. Special equip- 
ment, exhaust systems or highly trained 
personnel not required. 


GENERAL 
ELECTRIC | 
COMPANY 


For complete information on 
Iridite, contact your Allied 
Field Engineer. He's listed in 
the yellow pages under “Piat- 
ing Supplies."" Write for FREE 
TECHNICAL DATA FILES. 


~~ 
= 


= 
= 
= 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET © BALTIMORE 5, MARYLAND 

BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

West Coost Licensee for Process Chemicals: |. H. Butcher Co 

Evropeon Agent: Sture Gronberger, Storgoton 10, Stockholm, Sweden 

Chemica! ond Electrochemical Processes, Anodes, Rectifiers, Equipment ond Supplres for Meta! Firwshing 








characteristics and ratings of glass- 
jacketed wirewound power resistors. 
Regular, non-inductive and super non- 
inductive windings are discussed. 
Sprague Electric Co., No. Adams, Mass. 

Circle 824 on postcard at end of book 


TANTALUM-SLUG CAPACITORS 


Four-page Bulletin 159E lists as 
stock all case sizes of tantalum-slug 
wet electrolytic capacitors called for 
by MIL-C-3965B. Straight cylindrical 
shape equivalent to MIL style CL64 
uninsulated, CL65 insulated, also in- 
cluded. Ohmite Mfg. Co., 3639 Howard 
St., Skokie, Tl. 

Circle 825 on postcard at end of book 


MOLDED-PLASTIC-CASE CAPACITORS 


Bulletin provides data on Series 38H 
and 38M tubular capacitors with 
molded-plastic cases and end seals of 
epoxy resin. Capacity values from 0.001 
to 1.0 wf are listed at working voltage 
ratings of 200 to 3000 volts d-c. Com- 
plete mechanical specifications includ- 
ed. John E. Fast & Co., 3598 No. Els- 
ton Ave., Chicago 18. 

Circle 826 on postcard at end of book 


ROTARY SWITCHES 
Three pages of data sheets provide 
specifications and dimensional drawings 
of rotary switches designed to meet 
specifications such as MIL-S-3786. Over 
1000 volts rms insulation to ground and 
up to six poles/deck. Tech Laborator- 
ies, Inc., Bergen & Edsall Blvds., Palis- 
ades Park, N. J. 

Circle 827 on postcard at end of book 


SUBMINIATURE SWITCHES 
Catalog 20-1 contains 16 pages of di- 
mensional drawings, descriptions, force 
and movement specifications, electrical 
ratings, photos and selection data on 
subminiature switches. High-tempera- 
ture, sealed, environment-free, and mili- 
tary switches are described, along with 
phenolic-cased, pushbutton, toggle and 
integral-actuator switches. Five differ- 
ent terminal styles and a variety of 
multiple-switch/actuator combinations 
available. Unimax Switch Div., W. L. 
Maxson Corp., Ives Rd., Wallingford, 
Conn. 

Circle 828 on postcard at end of book 


THERMOSTATS 


Two-page Bulletin-6100 describes nar- 
row-differential thermostats. TIllustra- 
tions and ratings of semi-enclosed and 
hermetically sealed units are included. 
Stevens Mfg. Co., Inc., P.O. Box 1007, 
Mansfield, Ohio. 

Circle 829 on postcard at end of book 


TIME-DELAY RELAYS 


Bulletins 5903-1 and -2 each contain 
two pages of data on time-delay relays 
requiring 28 volts d-c for input power 


yh: rt IRILAC *| FT a a*| elu 
Chromotes Coatings Brighteners Supplies Equipment 


| and control voltage. Delay periods from 
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F or fuses 
with 200,000 
ampere 


interrupting 


capacity... 


plus, extreme current limitation 
plus, time-lag to prevent needless blows 
you need Buss LOW-PEAK fuses 


A REVOLUTIONARY NEW PROTECTIVE DEVICE 


Buss LOW-PEAK fuses can completely revolu- 
tionize the protection of the entire electrical 
system. 


Protects Circuits, Motors, Controllers, Switches 
whether fault current is 1,000 amps., 100,000 or 
200,000 amps. 


Prevent damage to Panelboards, Controllers or 
other circuit components. Let-thru currents are 
limited to exceptionally low values. 


Can be easily coordinated into a selective system 
—to limit fault outages to circuit of origin. 


Prevent waste of time and money—because long 


DECEMBER 1960 


time-lag keeps them from opening needlessly on 
harmless over-loads. 


Permit increasing interrupting capacity and cur- 
rent limitation on present system at minimum cost. 
Fuses fit standard switches and panelboards. Avail- 
able from 15 to 600 amperes in both 250 and 600 
volt ranges. 


Remain safe throughout the years without main- 
tenance or recalibration. 
Write for Buss LOW-PEAK Bulletin LPCS 


BUSSMANN MFG. DIVISION, McGraw-Edison Co. 


University at Jefferson + St. Lovis 7, Mo. 
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VARFEFLEX 


... the flexible, insulating 


SLEEVING and TUBING 


used by leading American manufacturers 


Varfiex Corp. factory in Rome, N. Y. 


Pick any combination of characteristics, and there is a Varflex 
sleeving or tubing to meet them. In the toughest applications of all — 


in jet p 


ane components which must operate efficiently at temperatures 


ranging from —85° to 500°F. — Varflex has proved its reliability again 


again. 


Any or all of the following characteristics are available in the 


degree that fits your oo high dielectric retention . . 
tensile, mechanical or impact strength ee 
non-interference with magnetic field 


thermal stability . . . 


high 


... excellent resistance to oil, 


grease, alkali, acid, heat, pressure, vibration. 


Choose from the World’s MOST COMPLETE LINE 


Varglas Silicone Rubber Tubing. Class H-A-1. The 
ultimate in flexibility, yet dielectric protection 
to 8000 volts. Class H-B-1 (4000 volts) available, 
also. Continuous exposure from minus 70°F. to 
400°F. does not affect coating or braid. 


Varglas Silicone Rubber Sleeving. Made in Class 
H-C-1 (2500 volts) and Class H-C-2 (1500 volts). 


Varglas Silicone Resin Tubing. Class H-A-1 is rec- 
ommended for applications requiring extremes of 
heat endurance and high dielectric strength (7000 
volts). Class H-B-1 is identical except for dielectric 
guarantee (4000 volts). Good abrasion resistance. 


Varglas Silicone Resin Sleeving. Made in Classes 
H-C-1 (2500 volts), H-C-2 (1500 volts) and H-C-3. 


Silflex Sleeving. A light coating of Silicone resin 
on fiberglas braid. Extremely flexible within a 
temperature range from minus 85°F. to 500°F. 


Varglas Silicone Lead Wire. Made from solid or 
stranded wire covered with one or more walls of 
Fiberglas braid and impregnated with Silicone 
resin. 


Varglas Silicone Tying Cords. Continuous filament 
Fiberglas cords impregnated with Silicone resin. 
164” to 1%” diameter. Specify dry cure or tacky cure. 


Varfil Tubing and Sleeving. Fiberglas braids im- 
pregnated with polyester resin. Four grades avail- 
able in coils as well as 36” lengths in most sizes. 
In a class by itself because of its toughness, 
flexibility, high temperature resistance and ability 
to withstand bending and twisting without dielec- 
tric loss. Compatible with varnish. 


Varflo Tubing and Sleeving. Class B insulation. For 
those who need flexibility, solvent, oil and moisture 
resistance, and yet do not require Class H insula- 
tion. Will pass the NEMA heat endurance test of 
15 minutes at 425°F. Also passes 300 hours at 
300°F. Varflo has good shelf life and will not lose 


dielectric 
twisting. 
Varglas Varnished Tubing. Flexible continuous 
coatings of flame resistant varnish built up over 
Fiberglas braid in eight or more carefully con- 
trolled operations 

Varglas Varnished Sleeving. NEMA Classes B-C-1 
B-C-2, and B-C-3 are similar except for dielectric 
strength. 

Varglas Non-Fray Sleeving—Type H. The normal- 
izing treatment given the Fiberglas braid removes 
the organic impurities and tends to hold the 
individual filaments together. May be subjected to 
temperatures as high as 1200°F. Recommended 
for applications where dielectric requirements are 
not of prime importance. Resists fungus and 
is non-corrosive 

Varglas Non-Fray Sleeving—Type HO. Has a very 
light treatment of resin after the braid has been 
normalized—just enough to hold the sleeving 
round for accurate cutting. Will distend to cover 
soldered joints or terminals. Available in eight 
colors, sleeving unaffected up to 1200°F 
Varglas Litewall Sleeving. Wall thicknesses of 
.008” and .006” available untreated or treated 


Syntholvar Extruded Tubing. Several formulations 
of vinyl polymers. All have high dielectric and 
tensile strength. Will not support combustion nor 
absorb moisture. Smooth surface, thin wall and 
flexibility all make for ease inassembling operations. 
For installations where temperatures of 105°C. 
must be withstood. Also will function at temper- 
atures down to —65°C. Specify fungus resistant 
tubing where needed 

Varflex Cotton Tubing. Furnished with lacquer or 
varnish as the impregnant. Braided from long 
staple cotton yarns. Four standard NEMA grades 


Varflex Cotton Sleeving. Available in three NEMA 
grades, Classes A-C-1, A-C-2, and A-C-3 


strength when subjected to severe 


FREE... Write for our free booklet 
containing test samples of our products. 


CORPORATION 


504 W. Court St., Rome, N. Y. 


Circle 218 on Inquiry Card 


0.020 to 300 sec, with delay on drop- 
out. Second bulletin covers a-c oper- 
ated relays with 0.050 to 300 sec delay 
periods. Tempo Instruments Inc., P.O. 
Box 338, Hicksville, L. I., N. Y. 


Circle 830 on postcard at end of book 


MAGNETIC LATCHING RELAY 


Bulletin BR-594 describes a series of 
miniature relays which are hermetically 
sealed. Detailed electrical and me- 
chanical data are presented in 2 pages, 
including illustrations of standard 
mounting configurations. Relays meet 
requirements of MIL-R-5757C and 
MIL-R-25018. Babcock Relays, Inc., 
1640 Babcock Ave., Costa Mesa, Calif. 


Circle 831 on postcard at end of book 


Manufacturer’s 
Publications 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELectro-TECHNOLOGY as 
your source, 


PULSE TRANSFORMERS 

Six-page Data Sheet 40240 reviews val- 
ues and characteristics of pulse trans- 
formers “slabbed” circle molded- 
Type 32Z transform- 
s have turns ratios from 
:1 to 6:1 and 1:1:1 to 1:1:2. For a 
copy. send letterhead request to Tech- 
nical Literature Section, Sprague Elec- 
tric Co.. 307 Marshall St., North 
Adams, Mass. 


with 
epoxy- resin cases. 


S des ribed 


TERMINALS AND CONNECTORS 


Catalog 60. 
trations, 


28 pages, contains illus- 
dimensional drawings and 
complete data on terminals and single- 
wire connectors. Also included are 
illustrations of attaching machines with 
descriptions and illustrations of feeder 
mechanisms. Machines cold crimp, 
band, weld or solder terminals and 
blades for wires. Reference charts for 
wire sizes, stud and hole sizes appear 
on last Catalog available by 
addressing Electric Terminal Corp.. 
P. O. Box 2217, Providence 5, R. I. 


pages. 


VIBRATION AND SHOCK 
INSTRUMENTATION 

State-of-the-art studies of dynamic in- 
strumentation, including mechanical 
impedance testing, methods of obtain- 
ing more in-flight vibration data with 
less telemetry band-width, and 
impedence crystal 
available upon submitting 
letterhead request for “Technical Pa- 
pers Collection” to Endevco Corp., 161 
E. California Blvd., Pasadena, Calif. 


low- 
transducer — tech- 


niques are 
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nothing carries 
the heavy loads 
as well as 


The facts prove it. Copper’s electrical resist- 
ance (10.371 ohms per mil foot at 68F) is 
the lowest of any other commercial metal— 
almost 40% less than aluminum. This low 
resistance means less heat is generated 
within the bar, increasing its capacity for 
both large starting currents and heavy con- 
tinuous loads. Further, copper’s high soften- 
ing and melting (1981F) temperatures allow 
a higher heat build-up without adversely 
affecting its strength or other physical prop- 
erties. 

When your requirements demand large 
blocks of electric power, depend on copper 
to carry the load best . . . and depend on 
Hussey for the best in electrical copper. 


COMMER 


BUS BAR 


ADEM USA. TIME TESTED AND PERFORMANCE PROVED 


75,000 pounds of Hussey Cc. G. HUSSEY & CO. 


Copper Bus Bar were fabri- ivisi 
oot Gr Hts Ices (Division of Copper Range Company) 


Equipment Company for the 


Nikoh _ Tube Company for ROLLING MILLS — GENERAL OFFICES 
mo ee PITTSBURGH 19, PENNSYLVANIA 


DECEMBER 1960 Circle 219 on Inquiry Card 





COMER , 








: 
/ 


239 





MIO am LON elm aT] 


Westinghouse 
30-amp silicon 
“rock-top’ 


9 


power transistors 





New 30-amp ratings, the industry's highest! 
These latest Westinghouse Silicon Power 
Transistors are especially designed for those 
applications where you need moretransistor 
power, extra long-life and extra stability un- 
der all operating conditions. Your choice 
of nine devices in this new family—each 
rated at 30 amps.—for greater flexibility 
of circuit design in high-power applications. 
Other Westinghouse high-performance 
features include: + Exclusive ‘‘rocktop’”’ 
ceramic construction for greater reliability 
¢ Voltage ratings to 200 volts - Double-ended 


case design + Low saturation resistance « 


250 watts power dissipation. 


—— 


3 


# 


cee 


Production quantities of the type 115 fam- 
ily are now available. Westinghouse also 
offers the 2N1015 and 2N1016 series of 
Silicon Transistors, ideal as companion 
drivers. Military and industrial applications 
include: power supplies/regulators/ampli- 
fiers/high-power switching/inverters. 

For more information call your nearest 


Westinghouse representative or semicon- 
ductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Young- 
nood, Pa. sc-1012 


You can be sure... if it’s 


Westinghouse 


Circle 220 on Inquiry Card 


For immediate “off-the-shelf” delivery, 
order from these Westinghouse 
Distributors : 


EASTERN 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC. 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO 
Camden, N.J./WO 4-8560 
GENESEE RADIO PARTS CO. 
Buffalo, N.Y., DE 9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N.Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N.Y./P1 6-6520 


ea 
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MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. 
indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. 
Chicago, IlI./NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC. 
Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 
Dallas, Texas/TA 4-3001 


WESTERN 
ELMAR ELECTRONICS 
Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES 
Los Angeles, Calif./BR 2-9154 
NEWARK ELECTRONICS CO 
Inglewood, Calif./OR 4-8440 





TMI am LO) Tl maT] 


Westinghouse 
30-amp silicon 


“fock-top” 
power transistors 





New 30-amp ratings, the industry's highest! 
These latest Westinghouse Silicon Power 
Transistors are especially designed forthose 
applications where you need more transistor 
power, extra long-life and extra stability un- 
der all operating conditions. Your choice 
of nine devices in this new family—each 
rated at 30 amps.—for greater flexibility 
of circuit design in high-power applications. 
Other Westinghouse high-performance 
features include: + Exclusive ‘‘rocktop’’ 
ceramic construction for greater reliability 
« Voltage ratings to 200 volts - Double-ended 
case design + Low saturation resistance « 
250 watts power dissipation. 





Production quantities of the type 115 fam. 
ily are now available. Westinghouse also 
offers the 2N1015 and 2N1016 series of 
Silicon Transistors, ideal as companion 
drivers. Military and industrial applications 
include: power supplies/regulators/ampli 
fiers/high-power switching/inverters 

For more information call your nearest 
Westinghouse representative or semicon 
ductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Young 
wood, Pa. SscC-1012 

You can be sure... if it's 


Westinghouse 
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For immediate “off-the-shelf” delivery, 
order from these Westinghouse 
Distributors : 


EASTERN 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO 
Camden, N.J./WO 4-8560 
GENESEE RADIO PARTS CO 
Buffalo, N.Y_/DE 9661 
KANN-ELLERT ELECTRONICS, INC 
Baltimore, Md_/TU 9-4242 
MILGRAY ELECTRONICS 
New York, N_Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Isiand, N.Y./P1 6-6520 
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MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO 
Denver 4. Colo./TA 5-8257 
LENERT CO Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO 
indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC 
Chicago, I1!_/NA 2-8860 
S. STERLING CO. Detroit, Mich_/BR 3-2900 
UNITED RADIO, INC 
Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 
Dallas, Texas/TA 4-3001 
WESTERN 
ELMAR ELECTRONICS 
Oakland, Calif. /TE 4-3311 
HAMILTON ELECTRO SALES 
Los Angeles, Calif./BR 2-9154 
NEWARK ELECTRONICS CO 
Inglewood, Calif_/OR 4-8440 





New COMPONENTS and MATERIALS 


For the convenience of readers and in conjunction with this issue’s Special Elec- 
trical Insulation Section beginning on page 147, items dealing with electrical in- 
sulation are grouped at the beginning of the listing below and are identified by 
arrows. Where applicable, booth numbers of exhibitors at the Chicago National 
Conference on the Application of Electrical Insulation are appended. 


SILICONE-RUBBER-BASE 
COMPOUND 


> Base Y-3167 is intended for formu- 
lating fusible compounds for fusible 
tapes and features good solvent resist- 
ance. Typical properties of compound 
(on ASTM molded slab): hardness, 
75 durometer; tensile strength, 900 psi; 
elongation, 200 per cent; Die B tear, 
80 psi (24 hr, 480-deg F postcure). On 
hot-air cured tape 0.040 x 1 in. rec- 
tangular: hardness, 45 durometer. elec- 
tric strength. 700 vpm; l-in. unwind 
on tack test. Silicones Div., Union Car- 
bide Corp., 270 Park Ave.. New York 
17. (Booths 49, 50) 


Circle 531 on pcsiccrd at end of book 


INSULATING TAPE 


> Self-adhering, unsupported. silicone 
rubber insulating tapes feature triangu- 
lar cross sections for winding on irregu- 
lar shapes. Eight standard grades range 


* 


A 


from 1 to 11% in. in width, from 0.020 
to 0.080 in. thickness at apex and 0.007 
to 0.008 in. thick at edges. Tapes have 
hardness of 45 durometer, 400 per cent 
elongation. Continental-Diamond Fibre 
Corp., Newark 13, Del. (Booth 34) 


Circle 502 on postcard at end of book 


MOTOR INSULATION WEDGES 


> Epoxy glass laminated wedge is in- 
tended for Class-F temperature appli- 
cations. Shapes are curve-formed and 
square-formed with wall thicknesses of 
0.020 and 0.025 in. IMANCO Div., In 
sulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6. (Booth 
96). 


Circle 503 on postcard at end of book 


GLASS-FIBER BANDING TAPE 


> Non-woven, cross reinforced glass- 
fiber armature banding tape offers high 
hoop and tensile strength. Said to elim- 


inate need for edge restraints: cured 
bands will not crack. Coast Manufac 
turing and Supply Co., P. O. Box 71, 
Livermore, Calif. (Booth 15) 


Ci.cle 534 on posica d at erd of book 


FLAME-RETARDANT 
LAMINATE 


> Copper-clad on one or both sides, 
in standard foil thicknesses, materials 
meet all requirements of MIL-P-13949 
B. Material has flexural strength of 
50,000 psi lengthwise on ‘% in. thick- 
ness; shear strength is 19,000 psi. Max 
operating temperature is 300 F. Syn 
thane Corp., Oaks, Pa. (Booth 93) 


Circle 505 on postcard at end of book 


EDGING TAPE 


> Tape, constructed of resin-impreg 
nated glass fiber, aids in application of 
bands to armatures. When used in con 
junction with glass-fiber banding, fuses 
homogeneously upon curing. Pittsburgh 


Electrical Insulation Co. Lebanon 
School Rd., W. Mifflin Boro, P.O. Box 
10836, Pittsburgh 36, Pa 

Circle 506 on postca d at end of book 


FLAME-RETARDANT 
LAMINATE 


> Grade T-777 is a paper-base, phe 
nolic laminate with good flame-retard 
ant characteristics. Copper-clad or non 
clad, the material meets NEMA XXP 
The Richardson Co 

Melrose Park, Lik 


re juirements 
2735 Lake St 
(Booth 109) 


Circle 507 on postcard at end of book 


FLAME-RESISTANT 
VULCANIZED FIBER 


> “Pyronil E.” vulcanized fiber, is in 
tended for use as a flame, heat, and 
dielectric barrier in electrical and elec 


tronic equipment. Rated non-burning 


under ASTM D-635 and D-568, a 1/32- 
strength of 
215 volts per mil under ASTM Test 
Method D-149 and are resistance of 50 
ser under ASTM Method D 95 Offered 
in rolls. coils or sheets 0.010 to 1/16 
in. thick. National Vulcanized Fibre 
Co., 1060 Beech St., Wilmington, Del 
(Booths 38, 39) 


Circle 508 ©: postcard at end of book 


in. thickness has electri 


EPOXY LAMINATE 


> Copper-clad and unclad, designa 
tions LI558A and 11546A are 
NEMA Grade G-10 


black 
glass-reinforced 


ELECTRO-TECHNOLOGY 





Another 
APPLETON 


7 


Eliminates Weiding! 


Up to now when a tight box-teb seal was wanted, 
threaded hubs were attached by the costly, complicated, 
time-consuming method of welding. This gave a rough, 

frequently off-center result. Today, with APPLETON 

Uni-Seal Hubs, you get a liquid-tight connection 
without welding .. . simply, easily and always uniformly 

centered. Application requires only a single wrench! 
Always a perfect '‘cold-weld" seal! And the 
wedge adapter is almost flush with 
inside box wali for maximum 
wiring room. 


UNI-SEAL 


Patent Pending 


Unparalleled ease of installation and positive liquid- 
tight, dust-proof protection are built right into this 
new APPLETON Uni-Seal Hub. An exclusive wedge 
adapter pulls up tight in the knock-out hole to give a 
lasting metal-to-metal “cold-weld” seal with full assur- 
ance of a perfect ground. Lasting resistance to vibration! 
Maximum wiring room because wedge adapter tightens 
down almost flush inside box! Insulated throat to pro- 
tect wiring! Single wrench installation! So .. . for 
cost-cutting wiring installation, specify APPLETON 
UNI-SEAL Rigid Conduit Hub! 


HOW IT WORKS... 


‘" iiss 
mentee 
ae aes 
" 
Wedge adapter with threaded shank is inserted through 
junction box hole. Threaded hub with special locking edge 
on body is screwed down on adapter threads until box 
. metal is firmly gripped between adapter 
wedge and locking edge. A pull or two on 
the hub with a single wrench locks the hub 
in position permanently with a perfect metal- 
to-metal “‘cold-weld” seal that does not 


Also available in yibrate loose. Rigid conduit is then screwed 
@ Union type. into hub. 
Pat. Pending 


These 4 Exclusive Benefits are YOURS...with APPLETON 


New Insuleted Throat! 


An insuletor insert provides complete pro.ection Puts continuous pressure on wedge adapter! Bites Note adapter surface angie 
ageinst Gamage to wires from mete! edges No into outer box wall to eliminate loosening through ff to tighten almost flush with inner box well 


New Locking Edge on Body! 


New Wedge Adapter! 


how design permits interior view of wiring box with installed UNI-SEAL 
Rigid Conduit Hub showing how wedge adapter 


increased Wiring Room! 


reduction in inside throat diameter. The complete vibration! No lock nut needed! Assures positive Maintains positive ground and « constent, liquid- tightens simost flush to provide maximum wiring 


answer where vibration is 8 problem! fround' 


tight, “cold-weid™ seal when pulled down. toom. No weld! No wrench required inside box! 


Sold Through Franchised Distributors Only 
APPLETON ELECTRIC COMPANY 


1701 Wellingt pea 


Also 
Manufacturers 


of: 


DECEMBER 1960 


Chicag 
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You can 
do more things 
...and do them 
better with 


f? 


(_ 04. MAGNET ® 


CERAMIC 
MAGNETS 


The permanent magnets 
that 
are really permanent 


Ceramics 
offer great- 
est resistance to de- 


magnetization of any com- 
mercial magnet material 
" . All energy is fully 
usable—no keepers, pole 
pieces or auxiliary air gaps 
needed .. . Can be mag- 
netized before or after as- 
sembly Electrically 
non-conductive Less 
heating . . . Inert to chemi- 
cals and gases... Up to 8 
or more poles on a single 
flat face... AND MANY 
OTHER ADVANTAGES. 


Write for Ceramagnet 
Engineering Bulletin RC-11A 


STACKPOLE 
CARBON COMPANY 
St. Marys, Pa. 


ee iad ee et oe 
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epoxy laminates. Material meets MIL- 
P-18177; 2 min in 500-F solder will 
not cause blistering or bond failure. 
Resistant to degradation caused by 
gold-cyanide solution. General Electric 
Co., Laminated Products Dept., Cos- 
hecton, Ohio. 


Circle 509 on postcard at end of book 


COPPER-CLAD LAMINATE 


> Paper-base-grade reinforced lamin 
ate, desgnated XXP-36RE, has superi 
or impact flexural 
strength. Used for printed-circuit ap 


resistance and 
plications in which laminated plastics 
circuits bear weighty components, Flex 
ural strength is 24,900 psi lengthwise. 
17,000 psi crosswise for 1/16-in. ma 
terial. Formica Corp., Cincinnati, Ohio 
(Booth 135) 

Circle 510 on postcard at end of book 


ELECTRICAL 
INSULATING ROD 


> Glass-fiber reinforced polyester ex 
truded rod is for applications requiring 
mechanical or 


insulating structural, 


spacing members. Continuous glass 


filament runs through entire length for 
high strength. A 150-C material, it has 
are 150 sex ASTM 
test method D-495, moisture absorption 


resistance of under 
of 0.4 per cent max, and excellent di 
mensional stability under conditions of 
The Glastic 
Glenridge Rd., 
(Booth 103, 104) 
Circle 511 on postcard at end of book 


heat and humidity 
$321 
Ohio 


Cor » 
Cleveland 21, 


PREMOLDED DIALLYL 
PHTHALATE RESIN 


> Plastic cases premolded of diallyl 
phthalate resin 
mechanical stability and environmental 


give capacitors good 


immunity under adverse conditions. 


Square in shape, the cases offer uni- 
form protection and positioning, there- 
by improving 
High-temperature properties imparted 
by resin allow dip soldering at tempera 
tures to 600 F. Bond between cases ana 
epoxy not subject to cracking or rup- 
Food Machinery and Chemical 
161 E. 42 St.. New York 17. 
129) 

Circle 512 on postcard at end of book 


EPOXY 
ENCAPSULATION SHELLS 


> Class epoxy 


insulation properties 


ture. 
Corp., 
(Booth 


laminated component 


cases are available for various tempera 


ture requirements. Thin-wall cases are 


used for potting and encapsulating 


transtormers. Mev 


86-88 Main St, | 


components such as 
ens Products, In 
Orange, N. J. 

Cicle 513 on postcard at end of book 


HIGH-TEMPERATURE 
INSULATION 


> “Durock” is a silico 


cal-insulation 


ceramic electri 
seal t 
pressures 


material which 


high temperatures and and 


in nuclear Temperature 
limits range from 1000 to 4000 F. de 


pend ng 


environments 


upen whether ipplication ™ 


is wire insulation, electrical-connector 


insulation, or as a potting compound 
H. I. Thompson Fiber Glass Co., Black 
Div., 3609 } Blvd 
Angeles 23 


Circle 514 on postcard at end of book 


POLYPROPYLENE FILM 


> Electrical 
electric 


wood « 


Los 


Olympic 


film has 


vpm, a vo 


insulating 

strength of 4800 
of 3 10 
dielectric 


ume resistivity 
73 F. a 
100 cps, and 
0.0007 at 100 eps 
lb/ mil 


ps. 
Permacel 


ohm-cm at 


2.2 at 


constant of 
1 dissipation factor of 
Yield is 31,100 in 

strength is 4600-7200 
elongation, 200-480 per 
New Brunswick, N. J 


Circle 515 on postcard af end of book 


FLEXIBLE EPOXY RESIN 


»>Dolphon CB-1054 resin meets the re- 
MIL-T-27 for Class B 


intended for encapsu 


tensile 


cent 


quirements of 

insulation. It is 
lating and impregnating transformers, 
motors and coils. Two-part resin cure 
temperature 


from 225-275 | 


length of the 


ranges 


depending upon cure 


ELECTRO-TECHNOLOGY 





New Relay | : Compact, Rugged, Proven Reliable 
from RBM mi : 


THE DIRECTOR 


TYPE 81 WIRE CONTACT RELAY 


Specifically designed to direct or set-up circuits in 
the logic or arithmetic section of computer and 
business machines. The RBM “Director” has also 
demonstrated itself ready to perform in similar 
applications where the basic function of the contacts 
of one or more relays sets up a circuit, but is not 
required to make or break that particular circuit. 
Typical uses would be controls for automation, 
railway signaling, traffic controls, chemical process 
controls, announciators and many others. 


Designed for high speed and long life (200 million operations). 


1, Plug-in terminal and mating terminal block eliminates 
messy soldering and maintenance problems of old fashioned 
telephone type relays. 


2. Symetrical shape and rugged design provides for minimum 
mounting space and maximum protection to moving parts 
when handling. 


3. Armature contacts consist of two silver alloy wires per 


le providing highly reliable redundant contact surfaces. 
No soldering pole p & highly 


4. With plug-in connectors “A” relay contacts can be “pro- 
grammed” to suit specific circuit requirements. 


+ > 5. Special hardware available allowing for mating terminal 
block assembly and easy mounting on chassis or rack. 
Small Size 
6. The Type 81 relay can be easily assembled in groups, sim- 
plifying wiring and ease of programming. Requires minimum 
rack or chassis space. 
TYPE 81 SPECIFICATIONS 


3. Wire contacts 
4. Program connectors 
[con Form | Sinaia or Double winging Pi & avd 
[conrower | ewatemen 
. [Ambient Temperature [SC 
plug assembly Including plug—2” x \%” x 2” 


6. Rack mounting 


Consult Your Local R8M Product Application Engineer or Write for Bulletin 2000 


i. a= Py i Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


DECEMBER 1960 Circle 223 on Inquiry Card 
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NIPPERT 
DRAWN 


COPPER 
SHAPES 


Nippert produces rectangular 
bare wire, bus bar, commutator 
bar .. . and special shapes. Our 
processing methods control struc- 
ture and temper; provide good 
finishes and close tolerances. Ma- 
terials to match your specifica- 
tions for electrical, thermal or 
structural applications. Send us 
your design or production prob- 
lem . . . ask for bulletin 


SILVER-BEARING COPPER 

OFHC® COPPER 

OFHC® SILVER-BEARING COPPER 
ELECTROLYTIC COPPER 
ALUMINUM 

OTHER NON-FERROUS METALS 


N-4 alloy, developed by 
Nippert offers these 
properties 

High Strength at prolonged 
temperatures up to 750 F 
Electrical Conductivity from 
90 to 96 percent 1L.A.CS 
Consistency in structure and 
temper from lot to lot 


ELECTRIC PRODUCTS CO 


1759 W. Mound St. © BRoadway 4-1114 
Columbus 23, Ohio 


Circle 224 on Inquiry Card 


time. John C. Dolph Co., Monmouth 
Jet., N. J. (Booth 52) 


Circle 516 on postcard at end of book 


EPOXY BUSHINGS 


> Model M-1003 hermetic-seal bush 
ings are constructed of solid cast-epoxy 
resin. Capable of corona-free operation 
at 40 kv, have a peak-pulse operating 


level of greater than 70 kv for air-to-oil 
or 140 kv oil-to-oil operation 
shock resistance ranges from 
1-175 F. Length is 5 in., 
Components for Research In 979 
Commercial St., Palo Alto, Calif 


Circle 517 on postcard at end of book 


FLEXIBLE EPOXY 

RESIN SYSTEM 

> Unox-201 plus Empol-1022 resins 
% hr at 120 ¢ 
in a potting, encapsulating or impreg 


Thermal 
HU to 


weight 16 oz 


cure fully in resulting 
nating compound with excellent tensile 
elongation ranging from 
7000 psi at 15 per cent elongation to 
2000 psi at 100 per cent elongation 


properties, 


Resins using Union Carbide Unox and 
Emery Industries Empol also have ex 
cellent thermal stability. Union Car 
bide Chemicals Co., 270 Park Ave 
New York 17 
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FLAT NYLON WASHER 


* Washer is suitable for use as a 
Natural re 


silience of nylon enables washer to 


Speer 7” as an insulator 


absorb shock and vibration, also pro 


surface when used against 


il 


vide bearing 


metals. Material meets specification 
MIL-P-17091-B, has a tensile strength 
of 15,000 psi. Stoc k sizes up to My in 
OD. Nyltite Corp. of America, 280 
Badger Ave., Newark 8, N.J. 
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POTTING COMPOUND 


> “Isochemsilrub” 1160 is a low-vis- 
cosity, silicone-reacted potting and en- 


BOTS Quality” 


Stromberg-Carlson 


RELAYS 


... featuring new high-voltage 
types for test equipment or other 
high-voltage applications. 


THE insulation in the new relays 
withstands 1500 volts A.C.—three 
times normal. These high-voltage 
models are available in Types A, 
B and E. They are the latest addi 
tions to the Stromberg-Carlson line 
of twin contact relays—all avail 
able for immediate delivery. 

The following regular types are 
representative of our complete line: 

Type A: general-purpose relay 
with up to 20 Form“ A” spring com- 
binations. This relay is excellent 
for switching operations. 

Type B: a gang-tyne relay with 
up to 60 Form “A” spring com 
binations 

Type BB: relay accommodates 
up to 100 Form “A” springs 

Type C: two relays on the same 
frame. A “must” where space is at 
a premium 

Type E: has the same character- 
istics as the Type A relay, plus uni 
versal mounting arrangement. In 
terchangeable with many other 
makes. 

Details on request. In Atlanta 
call TRinity 5-7467; Chicago 
STatTe 2-4235; Kansas City: HAr 
RISON 1-6618; Rochester: HUsBarpb 
2-2200; San Francisco: OXrorp 
7-3630. Or write to Telecommuni 
cation Division, 117 Carlson Road, 
Rochester 3, New York. 
STROMBERG -CARLSON 


on ¢ 


GENERAL DYNAMICS 
a a et ae 
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“GORNISH DEVELOPMENT ENGINEERING 
HELPS SOLVE CUSTOMER DESIGN PROBLEMS 


CUSTOMER: BELL & HOWELL 

This particular design project involved three phases. The initial problem, 
find a compact receptacle embodying these requirements: one never need- 
ing replacement, easy to mount and wire internally in the projector, suitable 
as a 4 conductor outlet. The second, prove out the cable construction suggested 
by Bell & Howell. Cornish at this step made sample wire runs, testing them 
in accordance with the customer’s requirements. The final step was the 
design of a male plug molded to the wire and mated with the female socket. 
Working closely with the customer, Cornish tackled these problems step-by- 
step, delivering a unit that met the high standard of quality required by 
Bell & Howell. This is one example of the Gornish/customer engineering 
team at work. Cornish engineers are available to discuss your particular 
product design requirements with you. We would appreciate the opportunity. 
PROJECT: POWER SUPPLY CORD FOR REMOTE CONTROL SLIDE PROJECTOR 


Bell & Howell 


CORNISH WIRE COMPANY, 50 CHURCH STREET, NEW YORK 7, NEW YORK 
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GUDELACE 
TAKES THE 


SLIPS 
OUT OF 
LACING 


Try this simple test. Tie a piece of Gudelace 


one end. Gudelace’s flat, nonskid surface grips the pencil 


to hold Gudelace in place while the knot is 


Gudelace makes lacing easier and faster, with no cut insulation, or fingers 


or rejyects—and that’s real economy 


y 


v 


around a pencil in a half hitch and pull 
no need for an extra finger 
tied! 


no slips 


Gudelace is the original flat lacing tape. It's 


engineered to stay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 


is made of sturdy nylon mesh, combined with special microcrystalline wax 


standing strength, toughness, and stability 


Write for a free sample and test it yourself 
the problems—out of lacing. 


GUDEBROD 


Electronic Division 
225 West 34th Street 
New York 1, N.Y. 


for out 


See how Gudelace takes the slips—and 


BROS. SILK CO., 


Executive Offices 
12 South 12th Street 
Philadelphia 7, Pa 
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Here’s how Wisconsin Ceramic Parts 
help cut production costs! 


Highly developed manufacturing 
process makes it possible to obtain 
a great degree of accuracy on porce- 
lain, refractory, steatite and filter 
parts 


The uniformity and toughness 
of Wisconsin Ceramic parts result in 
components that fit easily and accu 
rately into place,—speeds assembling 
and increases production efficiency 


Circle 228 on 


Send a sample or blue print and 
tell us your requirements. We will 
be glad to quote prices and delivery 


Serving the Electrical and Electronic 


Industries since 1919 


WISCONSIN 
PORCELAIN CO. 
NS Market St. 


SUN PRAIRIE, WISCONSIN 


Inquiry Cerd 


INC. 


capsulating compound. Material cures 
in 30 min at room temperature to form 
a rubbery insulating compound. Stable 
1-280 C, 
damps vibration and 
loads. Isochem Resins Co., 221 
Providence 9, R. 1. 
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INSULATING COMPOUNDS 


>A 


canizing 


from 55 to resists degrad 


ing environment, 
shock 
Oak St., 


series of room-temperature-vul 
(RTV) 


has good electrical properties and with 
150 and 600) 


silicone « ompounds 


stands temperatures to 


I Iwo materials in the series epoxy 
heat 


problem in epoxy 


silicones, retain flexibility after 


iging, heretofore a 
technology. Emerson and Cuming, Inc., 


Canton, Mass 
Circle $21 on postcard at end of book 


REINFORCED INSULATION 
Type AR, 


resistance to 


> Wire insulation, offers im- 


proved plastic 


flow. cut-through and heat Process 


particles to TFE 


ind pro 


abrasion, 


adds mineral-fiber 
fluorocarbon, reducing weight 
uniform dielec 
tric properties. Material meets MII 
W-7139A, withstands temperatures to 
325 Cc. W. L. Gore & Associates, 
Inc., 487 Paper Mill Rd., Newark, Del 
Circle 522 on postcard at end of book 


SILICONE MOLDING 
COMPOUND 


> Thermosettis 


viding insulation with 


Vio. 4156 
filled molding con pound may bye 


mineral 
used 
tor parts subjected to ~ term “ 


sure to temperature ' 700 


992 
o~! a 


400 sec and dis 
as 0.002 at 
Midland, 


Arc resistance is over 
sipation factors are as low 
10° cps 
Mich. (Booths 59, 60) 
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MOLDED FLUOROCARBON 


> FEP-fluorocarbon resin, 


Dow Corning Corp 


regarded as 
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SPECIFY 
LEECE-NEVILLE 
MOTORS 
FOR QUALITY, 
RUGGED 
Py a(Ch E 
LONG LIFE 


ECONOMY AND RUGGED STRENGTH 


Leece-NeVILLE now offers you a complete line of shaded pole and 
permanent split capacitor motors—basic units adapted to your speci- 
fications, or special motors custom engineered to your requirements 
—with horsepower ratings from 1/150 to 1/2 hp. All L-N motors are 
capable of meeting U.L. and C.S.A. application tests. Leece-Neville 
has more than 50 years of experience manufacturing motors and other 
electrical equipment, and modern facilities assure not only top 
quality, but also delivery to your schedules and lead times. For full 


information, just mail the coupon at right. 
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SINCE 1909 


The Leece-Neville Company, Dept. 
Georgia Division, Gainesville, Georgia 


Please forward details on your shaded 
pole and permanent split capacitor 
motors. 

Name 2 Title 

Company 

Address 

City Zone State 


Type of product 





Product Engineering! Tooling! 
Precision Production! Moxness 
offers a complete ONE-STOP 
service for solving extreme 
temperature problems. Let us work 
with you at the planning stage. 
Write for the Moxness story today! 


RUBBER 


PRECISION EXTRUDING 


Large, small, simple or complex here 
are samples of the wide range of quality 
silicone rubber extrusions you can expect 
from Moxness. Special equipment and an 
exclusive process developed by Moxness 
also assures you of paying less for preci 
sion extrusions when you order from 
Moxness 


PRECISION TAPES 


The coil shown here is being insulated with 
NEW Guide Line Triangular MOX-TAPE 
which provides homogeneous void-free in 
sulation for motors (class H and B) with a 
single wrap. Mox-Tape fuses to itself 
eliminates messy pastes or adhesives. Cuts 
taping time 50 to 60 


*DU PONT VITON, TEFLON; 
3M KEL-F 


PRECISION MOLDING 


Mass production of precision parts ranging 
from phase lead insulating cape of silicone 
rubber (shown at far left designed for room 
temperature vulcanizing) to switch parts of 
mineral-filled silicone resin (lower right 
designed to retain dimensional stability at 
temperatures of 2000 F calls for precision 
production techniques gained only through 


expenence 


PRECISION BONDING 


Environment proof limit ewitches (like this 
one for airborne equipment) call for com 
pletely sealed construction. These seals 
shown in red) are silicone rubber bonded to 
metal by Moxness evidence of Moxness 
ability to handle the most exacting require 
ments in this specialized field 


rc 


Rx aR DD 


MOXNESS PRODUCTS, INC. 
1947 Indiano St., Racine, Wis 
Subs. Not'!. Rivet ond Mfg. Co 


Electrical Insulation Conference 
Dec. 5 - 8, Hilton Hotel, Chicago 


VISIT BOOTH No. 95~— 
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a supplement to TFE-fluorocarbon, can 
be melt-processed in conventional ex 
trusion and molding equipmert. Parts 
with wall sections of 0.020-in. thickness 
ean be extruded or molded. Virtually 
immune to chemical attack, has excel 
lent electrical insulating properties, 
anti-stick and frictional characteristics, 
will not absorb moisture. Has a con 
tinuous service range from 995 to 
100 F. Garlock Inc., 448 Main St 

Palmyra, N.Y. 
Circle 524 on postcard at end of book 


DIE-STAMPED CIRCUITS 


Circuits with conductors up to 0.015 in 
thick which carry more than 40 amp 
are made by die-cutting the conductor 
pattern from metal foil (copper, alu 


minum, silver, Nichrome, ete.) and 
bonding the adhesive-coated circuit to 
the insulating base material under heat 
and pressure. Bond strength, 10 lb min 


per in. of width. Circuits can be sup- 


plied in a variety of base materials, in- 
cluding vulcanized fiber, thermosetting 
and thermoplastic materials. Dytronics, 
Inc., 115 Main St.. Rochester, Mich 
Circle 525 on postcard at end of book 


HIGH-TEMPERATURE 
CONNECTOR 


Series of miniature connectors insu 
lated with boron-free ceramic has from 
to 8 pins. Smallest size is 0.200 in 
diam x 0.300 in. long for two-pin unit. 
Connector pins are 303 stainless steel, 
silver plated. Units withstand 4 hours 
at 1200 F without loss of vacuum seal 
Technical Industries Corp., 389 No 

Fair Oaks Drive, Pasadena, Calif 
Circle $26 on postcard at end of book 


REMOVABLE-CONTACT 
CONNECTORS 


Connectors, available in both single 
and double-insert types, tleature die 
cast aluminum shells, removable crimp 
or solder contacts, molded insert bodies 
of glass-filled diallyl phthalate type 
GDI-30, interchangeable male and fe- 
male inserts, and backing plates to 
hold inserts firmly in housing. Jack- 


screw locking device on double insert 
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Carpenter's full-range selection of Glass Sealing Alloys can turn your design 
ideas into accomplishments... Only Carpenter gives you a selection wide enough to meet 
practically any glass or ceramic sealing problem. Carpenter Glass Sealing “42” and Glass Sealing 
“52”, both nickel-iron alloys, are ideal for vacuum tubes, transformers, capacitor bushings, high 
voltage lamps, and other glass-to-metal seals. 

In addition, Carpenter produces a ductile 28% chromium-iron alloy, Glass Sealing “27”; a nickel- 
chromium-iron alloy, Glass Sealing “426”; and a nickel-cobalt-iron alloy, Nicoseal. All are formulated 


and made to meet special applications. 


ee RMT ybody? 


Take Nicoseal, for example. It can be used in transistors. Although others might offer an alloy similar 
in composition, Nicoseal is the only one produced by a full-range specialty steel company .. . with 
years of steelmaking experience and proven quality controls which assure uniformity pound after 
pound after pound. Also, Nicoseal offers you the deep drawing qualities so important in your fabri- 
cating operations, especially in the production of seals. 

Write for Carpenter's new, 64-page technical booklet covering alloys now available for electronic, 


magnetic and electrical applications. The Carpenter Steel Company, 115 W. Bern St., Reading, Pa. 


[arpenter stee! 


you can do it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


Alloy Tube Division, Union, N. J. 
Webb Wire Division, New Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Barber-Colman quality 


battery-operated d-c motors 


with integral governors 


ideal for many of today’s 


portable applications 


BYQM-Typical Specifications 


approx. 3 to 30 


BARBER 
A 


typical applications: 


PORTABLE DICTATING 
MACHINES 


PHOTOGRAPHIC EQUIPMENT 
DRIVE MECHANISMS 


TAPE PLAYERS 
ROTATING BEACONS 
DEPTH FINDERS 
BLOWERS 

PORTABLE INSTRUMENTS 
ROTISSERIES 


ot QAN2 R- 
Dept. L, 1803 Ko 


BARBER-COL 


252 


HYQM-Typical Specifications 


d-c small motors 


TYPE BYQM, above left, is inexpensive, 
vet of excellent quality to meet consumer 
demand for dependability in mass-pro 
duced goods. Its high efficiency results 
in low current drain, longer battery life 
Integral governor features exceptionally 
stable characteristics. Rugged, self-align 
ing bearings 

TYPE HYQM., above right, is an ex 
ceptionally fine-quality battery-operated 
motor for the more demanding applica 
tions such portable instru 
ments and marine navigation equipment 
Integral governor has adjustable station 
ary contact. Square brushes with opti 
mum useful life 
Self-aligning sintered bronze or R1 ball 
hearings. Ambient temperature maxi 
mum, 200 F 
WRITE FOR HELPFUL DATA SHEETS 
nd HYQM battery-of 


esigned to fit individual 


as certain 


pressure over entire 


on BYQM 
specifically 
applications 


wrated motors 


customer 


MAN COMPANY 


treet. Rockford 
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| 


types provides accurate alignment 
while recessed slot and matching guides 
provide polarization. General Products 


Union Springs, N. ¥ 
Circle 527 on postcard at end of book 


RACK AND PANEL 
CONNECTOR 


Hermetix 


( orp 


(glass-to-metal) sealed, re« 


tangular polarized connector provides 


7 through 
ial sockets 


104 pins for standard com 


mere Standard finish is gold 


over silver. Inside pin terminations are 
flattened or pierced for wire soldering, 
double socket mating 


River Road, 


or straight for 

Hermetic Seal Corp., 43 

North Arlington, N.J 
Circle 528 on pastcard at end of book 


MINIATURE COMPONENT 
SOCKETS 


Tran-Grip sockets ac 
in. diam lead wires as standard 
to 0.004 in. on 
hundred of the 

spring contact-gripping devices 


ept 0.010 to 0.050 
down 
Four 
m iltiple 
ht into 


spre ial order 


closed-entry. 
a l sq in. area. Units are supplied as 
individual sockets, or two or more are 


spaced on printed-circuit board to fit 
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JEDEC or other standard arrange 
ments. Also, with a series of coordi- 
nated pin designs, almost any minia- 
ture connector may be built. Special 
assemblies produced to customer spe 
cifications. Omega Precision, Inc., 757 
No. Coney Ave., Azusa, Calif. 
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COAXIAL CABLE 
TERMINATION 


Terminations for RG 


cable 


have insulating bodies of vacuum-cadét 


coaxial 


epoxy and feature internal electrical 


Rated at 75 ky and for 


stress control 


minimum corona level with a flash 
ky peak 
and removal of coaxial 
cables in the series RG 14/U, RG 
17. U, and RG 19/U. Components for 
Research, Inc., Palo Alto, Calif 

Circle 530 on postcard at end of book 


MINIATURE RELAY SOCKET 


Series 145-8 are molded B-contact re 
lay sockets, Measures 1-11/32 in. long 


with solder cup or dip-solder pin ter 


over voltage of 127 Provides 


for assembly 


mination. Polarizing hole eliminates 


possibility of inserting relay incor: 


rectly. Body material glass-filled dial 
lyl phthalate MIL-M-19833, Type 
CDI-30 or asbestos-filled melamine 
MIL-M-14F, Type MME. Continental 
Connector Corp., 34-63 56 St., Wood 
side 77, Mile 
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MINIATURE MULTIPIN 
CONNECTORS 


Over 250 models of push-pull quick 
disconnect connectors are offered in 
disassembled form for bench assembly 
Three shell sizes offered in 
power, straight 
power-coaxial 


straight 
selected 
combinations; mount- 


be line jack, 


coaxial, or 
ing configurations may 


DECEMBER 1960 


Which of these Barber-Colman 
high-quality, low-cost motors 


are needed for your applications 


.. . unidirectional, reversible, 


synchronous, or geared? 


Unidirectional 


Geared 


BARBER 
COLMAN 


LOW COST 

HIGH STARTING TORQUE 

QUIET OPERATION 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


Reversible 


Synchronous 


a-c small motors 


For longest life and finer service per 
dollar invested, put Barber-Colman 
motors into your products. High-quality 
construction throughout eliminates 
bothersome, costly maintenance . . . adds 
to your reputation as a builder of quality 
equipment. Various types and models 
for use in appliances, vending machines, 
projection equipment, office machines, 
toys, servo-mechanisms, remote switch- 
ing and positioning, recording instru- 
ments, and similar applications. And 
your cost for these precision-made 
motors is surprisingly low. 

WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman a-c small 
motors: Unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 


open or enclosed types. Stator and rotor sets 
also available. Free engineering service. 


| BARBER-COLMAN COMPANY 


| Dept. ‘: 


1203 Rock Street, Rockford, Illinois 
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THE BIG AND THE SMALL—FOR THE BEST 
IN ALL TYPES OF TRANSFORMERS, CALL 


(P) PEERLES 


PLATE SUPPLY TRANSFORMERS, 3-PHASE, 60 CYCLE DRY TYPES, 
rated from 7.5 to 250 KVA for Class A or B operation. 


Peerless 3-phase transformers of the type shown above are just one 
more reason Peerless has led the industry for 25 years. Like Peerless 
transformers of all types —including the specialized miniatures pio- 
neered by the company — these high power plate supply transformers 
meet the most demanding operating requirements. To insure best pos- 
sible flux distribution, cores are built of high quality grain-oriented 
silicon steel. The units exhibit high permeability and resistivity and 
extremely low hysteresis loss. Leakage reactance, once established by 
your application, is held to closest tolerance. Final testing covers volt- 
age ratios, polarity, inductance, resistance, core loss, temperature rise 
under full power and all other important factors. 


These units are just one more proof that whatever your transformer 
needs, the experienced Peerless experts can fill them best. Units range 
from 1/10 of a cubic inch to more than 20 cubic feet, from fractional 
voltages to 30,000, from | cycle to half a megacycle; 1, 2 and 3-phase; 
construction types covering the entire range. 


Whatever your transformer needs, Peerless engineers can design to any 
military or commercial specification and manufacture in any quantity. See 
REM for complete standard line or write for information to Dept. ET-12. 


P) PEERLESS 


ELECTRICAL PRODUCTS 


N OF ALTEC N 


6920 McKinley Avenue, Los Angeles 1, California 
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square flange, or single-hole bulkhead 
Largest of shell sizes has 144 in. OD, 
accepts up to 61 power contacts or 19 
coaxial cables. Contacts can be either 
crimped or soldered. Complete line of 
accessories available Microdot lin 

220 Pasadena Ave So. Pasadena. Calif 
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MINIATURE 
PATCHBOARD PLUGS 


Plugs 2660 and 2661 are slider type 
with 0.062 and 0.045 in. diam pi 


respectively. Pins are 3 


ib 


| Z 
nd insulators 35 64 in. long. Plug 
e brass per (Mm) R hha ‘ omp 22 
hard with 0.0002-in. silver plate 
plus 0.00002-in. gold flash or 0.0002-in 
bright alloy plate. With either red o1 
black nylon jacket insulation Cam 
bridge Thermionic Corp., 445 Concord 
Ave., Cambridge 38, Mass 
Circle 533 on postcard at end of book 


PRINTED-CIRCUIT PIN AND 
SOCKET CONNECTOR 


Series MD-1100 and SD-1100 conne: 
tors are designed to MIL-C-838 
Solder por ket socket contacts lesigned 


to resist test-prod damage as in MIl 


C-26636, can also be inserted into con 
nector block, after wiring, with no spe 
cial tools. Available in 15 contacts on 
staggered 0.100-in. centers with polar 
ized mating; guides, connectors feature 
insulation of glass-filled diallyl phthal 
ite. Male connector available in right 
angle or upright mounting. Methods 
Mig. Corp., 7447 Wilson Ave., Chicago 
1. Ol 
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RCA Announces Four New 
Silicon Mesa Power Transistors 


in the Popular TO-36 Case 


Available immediately in quantity...four new NPN Diffused-jJunction Types... 
2N1511, 2N1512, 2N1513, 2N1514 e electrically equivaient to 2N1487, 1488, 1489, 1490 
respectively e utilize the industry-preferred JEDEC TO-36 single ended stud package — 
with cold-weld seal e Designed for a wide variety of military and industrial applications 


With RCA’s new Silicon Mesa Power Transistors in the JEDEC | ELECTRICAL CHARACTERISTICS 
TO-36 case, you gain all of these design advantages: Minumym and Maximom Values at Case Temperature = 25°C 


1-7 7 
* More positive heat sink contact and excellent high-temperature 0 ee Saturation | 
iain s ; : | ee : Resistance | 

performance up to 175°C plus the greater application flexibility | vers) woes empl Ge ohms 


of JEDEC TO-36 stud mounted case. . + | |. Mnlietetinelel 
: . ; 2m1$14) 100 | $5 25 06? 
Low saturation-resistance characteristics with high collector- | msia| 60 | « 2 067 


| 2w1812| 100 | $5 2.00 
current and voltage ratings. 2mrsit| 60 | 40 


. ‘ ‘ > > S ) > j T T 
Wider application in military and industrial equipment—in pc Wer | awies0) 100 | 58 
gc s, oscillator, regulator and pulse-amplifier | 21483) 6 | 4 
switching circuits, oscillator, g Pp amy ead ele 
circuits | 261487 oo, # 


The dependability of the cold-weld seal, proved by RCA through | ayyage! yoo | 55 ; a et 


. . “ric . 485, 60 | 40 1.00 3100 | 15 | 
years of experience seal an | 98 28) 1375 


Coordinated line of 16 RCA Silicon Power Transistors. These (3, ©, ©) 3) 1 | 267) | es 1 
four new RCA transistors together with the 12 RCA Silicon | anraaz! 100 el) | ee 

Power Transistors shown in the accompanying table provide the 3 

designer of Industrial and Military equipment with a compre- 


hensive selection of types to fit his specific needs. cn ceeaiaees 


Call your RCA representative today for complete information. For additional technical data write to RCA Semi- 
conductor and Materials Division, Commercial Engineering, Section L-54-NN, Somerville, N. J. 

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES 
NORTHEAST: 64 A’ Street, Needham Heights 94, Mass., Hillcrest 4-7200.EAST: 744 Broad Street, Newark 2, N. J., HUmboldt 5-3900. 
EAST CENTRAL: 714 New Center Bidg., Detroit 2, Mich., TRinity 5-5600. CENTRAL: Suite 1154, Merchandise Mart Plaza, Chicago 54, 
tll, WHitehall 4.2900. WEST: 6355 E. Washington Bivd., Los Angeles 22, Calif., RAymond 3-8361 + 1838 El Camino Real, Burlingame, 


Calif., OXford 7-1620. SOUTHWEST: 7905 Empire Freeway, Dallas 7, Texas, Fleetwood 7-8167. GOV'T: 224 N. Wilkinson St., 
Dayton 2, Ohio, BAidwin 6-2366 + 1725 “K" Street, N.W., Washington 7, D. C., FEderal 7-8500. 


Available 


through your The Most Trusted Name in Electronics 
RCA Distributor ® RADIO CORPORATION OF AMERICA 





ROYAL 


“POWRIZED” 
RDS in 


PLASTIC 


Big or small 

Complex or simple 
Stock molds or special 
Black or colors 


No matter what your power supply 
cord requirements, Royal’s engineering 
and production facilities are ready to 
solve them... with experimental molds, 
sample runs, and full production quan- 
tities to meet assembly schedules. Write 
for details. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET + RHODE ISLAND 
in California: 


Electric Cords & Supply Corp., 
413 E. 3rd St., Los Angeles 13 


in Canoda 
Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 


en eeseciete of 
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| SOLDERLESS BANANA PLUG 


Banana plug Model 1325 is a solder- 
less molded single connector designed 


| for use with the solderless patch cord 


148 


Molded 
iz: < 
colors, plugs may be lop sta ked: fit 
jacks. Pomona Elec- 
1126 W. Fifth Ave 


plastic insulation withstands 


temperature. Available in ten 
standard banana 
tronics Co., In 
Calif 
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STAMPED-LUG TEST JACK 
Model SKT-36 test jack, 


stamped lug on the reverse side of the 
} 


cnassis 


hole for 


Pomona 


having a 


may be press fitted into a single 


permanent inst illation De 


signed t.. receive a 0.050 in. diam x 


0.25 in. maximum probe, jack has 
beryllium cepper contacts. Stamped lug 
is 0.287 in 


in. x 0.156 in 


long overall, provides 0.052 


soldering hole. Sealectro 


Corp.. 610 Favette Ave.. Mamaronech. 
NLY 
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MAGNETIC AMPLIFIER 


Model F-1 magnetic amplifier, deliver- 


ing 1 watt d-c power output from 


microwatt signals, has a power gain 


Unit control winding sen 
1000 


of 3 million 


sitivity, 3 pamp at 


ohms; mir l- 
mum control winding power, 0.01 pw; 
control current range, 20 pamp; current 


1200. Mag- 


amplifier delivers 1 watt to stand 


gain, 2500: voltage gain, 


netic 


AT UNIVAC... 


CAREER 
OPPORTUNITIES IN 


ENGINEERING! 


There is an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportuni 
ties for professional progress and par 
ticipation in creative programs of elec- 
tronic data processing. 

You are invited to investigate the 
opportunities now available at Univac. 
In addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include: 


ELECTRICAL ENGINEERS 


Electrical Engineers are needed for Quality 
Control Engineering. Work involves the rigid 
standards of ultra-reliability as required in 
superior data processing equipment. These 
positions include the initiation and evaluation 
of test and inspection procedures for manu 
facturing processes 


PRODUCTION ENGINEERS 


Electrical, Mechanical or Industrial Engineers 
are needed to plan automated processes, 
methods and tooling for the world’s most re 
liable computers. These positions require the 
utilization of imagination and creativity in 
productior 


PRODUCTION SPECIALISTS 
A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition. This is challenging work in a new 
tield and offers unprecedented opportunities 
for advancement 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical! quality 
contro! techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products 


For immediate consideration, send re- 
sume of expe ience and education to 


R. K. PATTERSON, Department ET.12 
Hnivac. 


DIVISION OF SPERRY RAND CORPORATION 
27% West Seventh Street, St. Paul 16, Minnesota 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


YES, WE HAVE NO GASKETS 


(saskets cause countless problems in sight 


glasses people told us 
Cet rid of the gaskets, we replied 
Show us how. thev retorted 


So, we did 


One. We can a jo make valve win 
dows wherein the glass is fused directly 
vithout aid ol gasket or 


to the metal 


I he result is a one-piece assembly 


solder | 


an heroically hermetic seal rated 


strength around 


———— |) | — Oe 


\ 
SIGHT GLASS COPPER 


TIN 
SILVER COATING 


Iwo. When it makes sense, we can and 
do metallize a glass with a base coat of 
silver electroplat it with copper, and 
face it with a coat of tin which accepts 
soldering to a bezel, which we also can 
and do do. The finished window is rated 
to take 15 psi inside or out 

Since we are as versatile as the ma- 
terial we work with, we can pull such 
tricks as pressing configurations into the 
windows. We've already done things like 
bull’s-eves and indentations 


W c had another job where we pressed 
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an optical lens into a glass. The focal 
length of the lens is such that you get a 
reflection of light back to your eye, except 
when the unit is full of liquid, in which 
case you focus on the liquid itself 

Look into our windows whenever you 
find a gasket a nuisance, whether from 
temperature or pressure or corrosive 
environment or any of the many other 
conditions which tend to make gaskets a 
nuisance 

You can begin looking by sending the 


coupon 


ON ENCAPSULATING WITH 
PYROCERAM® CEMENT 


Should you want to lift the thermal ceil- 
ing on encapsulated electronic parts as 
high as /OO'( you'll like what vou see 
when you take a look at our PyrocerRaAmM 
cement No. 45 

Certain people making coil cores for 
hot work are finding it almost ridiculously 

to meet such temperature specs 

ule holding performance in all other 
arcas 

The cement is almost completely im- 
pervious to vapors and chemically inert 
It matches nicely to tungsten, molvb- 
denum and other materials with a coeth- 
cient of expansion from 40 to 50 x 10-7 /°¢ 

This sarme cement can also be used for 
sealing glass to glass, metal to metal, 
ceramic to ceramic, or any combination 
of these materials 

There are two other PyroceramM ce- 
ments, both of which have a service 
temperature of 425°C. No. 89 lends itself 
well to platinum, vanadium, 50% nickel 
and other materials with a coefficient of 
expansion 80 to 92 x 10-7/°C. No. 95 is 
for chrome-iron stainless, Sylvania No. 4 
and the like with a coefficient of expan- 
sion 90 to 110 x 10-7/°C 

People who know say that the applica- 
tions for this new material are ready to 
snowball. Perhaps if you send the coupon 
now, you will be first to use it in vour 


particular field 


CORNING MEANS 


(-] Sight Glasses 


Name 
Company 
Street 


City 
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Circle 237 on Inquiry Card 


RESEARCH 'N 


CORNING GLASS WORKS, 5912 Crystai St., Corning, N. Y. 


[| vrcor 


FROM CORNING 


VYCOR® GLASSES 
AS WATER-GETTERS 
OR PROBE PROTECTORS 


Put a piece of porous Vycor brand glass 
into a humid environment and it drinks 
up 25% of its weight in moisture before 
becoming sated 

This has suggested its use as a substi- 
tute for desiccants to a number of people, 
particularly people who want a getter 
with unusual rigidity under stress condi- 
tuons. Say, in a sealed inert-gas gyro- 
scope, for example. 

Others have seen in this same 96% 
silica glass a clean, long-lived semiperme- 


able membrane 


Put a tiny tube of Vycor non-porous 
glass around a pair of thermocouple 
wires and you have a device for reading 
the temperature of working melts of 
metals or anything else that runs from 
2000 to 3000°F. 

The tubes will stand up from four to 
six seconds even under this intense heat, 
keeping the wires intact long enough to 
get an accurate reading 

Actually, in practice these tubes are 
emerging from metal melts marred but 
still intact two times out of three! Since 
the glass is 96°% pure silica, there’s no 
threat of contamination to the melt even 
if the tubes should disintegrate. 

All of which serves to demonstrate just 
two of the many amazing properties of 
the Vycor brand glasses 

There’s more about the various Vycor 
glasses with their varied properties and 
the sizes and shapes we can deliver in a 
mentioned in the 


bulletin which is 


coupon, 


GLASS 


() PYROCERAM Cement 


Title 


Zone State 


ee ee ee ee 
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NORPLEY 


SUPERIOR QUALITY 
industrial laminates 


| ctiind anen | 

INURPLEX jraminates are produced in accordance with 
standard N.E.M.A. specifications and MIL-P specifica- 
tions. Many special grades including a variety of copper 
clad laminates for the manufacture of printed circuits 
are also available. 


Northern Plastics Corporation produces over 60 
standard grades to meet your requirements for flame re- 
tardancy, low power factor @ 60 cycles, arc resistance, 
cold punching, minimum odor, high insulation resistance 
and excellent mechanical properties. 


may we send you our brochure ? 
NORTHERN PLASTICS CORPORATION 


La Crosse 6, Wisconsin 


Offices in Principal Cities 


Circle 238 on Inquiry Card 


a:d aircraft relay and requires less than 
1 cu in. of space when powered by 
2000-cps or higher frequency sources 
(somewhat larger when lower fre 
quencies are used). Polyphase Instru- 
ment Co., Bridgeport, Pa 

Circle 537 on postcard at end of book 


VACUUM THERMIONIC 
CONVERTER 


rype 7-5386 converter is a one-watt 
sealed-off unit which weighs 3 oz. Has 


minimum power density of 0.2 watts 


per sq cm of cathode surface, thermal 
eficiency of at least 2.5 per cent. De 
signed to operate at cathode tempera 
ture of 110 C. General Electric Co 

Schenectady 5, N.Y 


Circle 538 on postcard af end of book 


HIGH-SENSITIVITY 
INFRARED DETECTOR 


Series ISC-301 indium  antimonide 
photo-voltaic detectors are said to be 
sensitive enough to spot a lighted cig 
irette 500 miles away at night when 
using a 1 meter reflector. Sensitivity of 
top rated detector of series is represent 
ds by 1 minimum  detectivity of 
15 10° em/ watt. Units are made of 
rugged lass and metal dewar con 
struction incorporating a highly p lish 
ed sapphire window, and operate for 


over 14 hr. with one filling of liquid 
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lung-sol 
Silicon Power | © 
- Rectitiers a 


Diffused Junction and Alloy Junction 


New freedom for designers 


Designers who seek more freedom to use economical 
components while obtaining maximum equipment re- 
liability should become thoroughly familiar with the 
fung-Sol line of silicon rectifiers. 

All Tung-Sol rectifiers are designed and manufactured 
to the same unexcelled standards of quality, At the 
very minimum, the entire line meets the toughest 
requirements laid down by military specifications. And 
you can be sure that wherever more rigid commercial 
specifications exist, Tung-Sol rectifiers will equal or 
exceed these higher performance and reliability de- 
mands. All in all, Tung-Sol rectifiers afford the widest 
design flexibility. 

This select Tung-Sol line is available in production 
quantities immediately from stock and at conservative 80 A MIN 
prices. Tung-Sol Electric Inc., Newark 4, N.J. 


interchangeability chart 
avaliable 


Write for Tung-Sol silicon 
power rectifier interchange- 
ability chart and catalog to- 
day. Forty-four Tung-Sol 
types replace more than 300 
competitive types 


“s) TUNG-SOL 


echnical assistance is available through the following sales offices 
Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; Dalias, Texas; Denver, 
Col Detroit, Mich.; Irvington, N. J.; Melrose Park, Ill.; Newark, N. J., 
Philadelphia, Pa; Seattle, Wash. CANADA: Toronto, Ont 


ry 
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Hipernik® V magnetic alloy ¢ square loop ¢ Low 
coercive force @ High rectangular ratio @ Grain-oriented in the 
rolling direction @ Composition——about equal portions of nickel 
and iron @ Available in thin strip 

Hipernik V was developed for saturable reactor and magnetic 
amplifier circuits, but there are other important applications. 
We’re ready to explore them with you. Write or wire: Westing- 
house Electric Corporation, Metals Plant, Blairsville, Pa. 


J-05016 


You can be sure... if it’s 


Westinghouse (w) 


Circle 240 on Inquiry Cord 


nitrogen. Cryostats also available for 
gaseous nitrogen operations. Philco 
Corp., Lansdale Division, Lansdale, Pa. 

Circle 539 on postcard at end of book 


8-PIN OCTAL BASE 


Model 10 AB). molded walter on tal base, 
hts standard 8-pin octal socket. Adapt 
able to automated staking or molding 


processes, can he used in relays mold 
ed components, radio tubes. A 0.053-in 
ID hole in pin permits insertion of 
large wire size to handle greater cur 
rent. Clairtron, Box 171, Orange, NJ 

Circle 540 on postcard at end of book 


PLUG-IN REGULATOR BASE 


Regulator son ket designed for use with 
Electric Regulator Corp.'s Size 1 
Regohm, tests to 4000 volts d-c between 
15 amp contacts. Made for 0.093 in 
diam pins, unit meets MIL standard 


202A MIL-E-5272A and MIL 
B384A. Base is molded of dially] GDI 
30 and contacts are phosphor bronze 
with gold over silver plate Airborn 
Connectors, In 2618 Manana Dr., 
Dallas, Tex 

Circle 541 on postcard af end of book 


INDICATING LAMP 


Model 20-1 lamp serves as ON-OFE 
indicator or provides lateral illumina 
tion. Replaceable filter disks allow se 


ly, 


lection of colors. Units mount in “4e-in 


diam hole, connections made by solder 
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1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 


40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57 | 


58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75 
76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93 
94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108 
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121 
122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134 
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147 
148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160 
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173 
174, 175, 176, 177, 178, 179, 180, 186 
187, 188, 189, 190, 191, 192, 19 - ¥ 
1001, 1002, 1003, 1004, 
1112, 1113, 1114, 1115, 
1123, 1124, 1125, 1126, 
1134, 1135, 1136, 1137, 
1145, 1146, 1147, 1148, 
1156, 1157, 1158, 1159, 
1167, 1168, 1169, 1170, 
1178, 1179, 1180, 1181, 
1189, 1190, 1191, 1192, 
1200, 1201, 1202, 1203, 
1211, 1212, 1213, 1214, 


10,000,000 


MAKE-BREAK CYCLES 
-NOT ONE FAILURE! 


The control dependability of the A. P. I. meter-relay is fact, not fancy. 


Ten million perfect operations is just one test result; nearly twenty million 
decisive make-break cycles were achieved in another test. Exceptional? 
Not for an A. P. I. meter-relay. Once the contact on the pointer arm 
“makes” with the set-point contact, the two are firmly locked together by 
an + isive A. P. I. design feature; a perfect control circuit is formed 

y ume. This is one of the reasons A. P. I. meter-relays are used for 
uch critical applications as controlling life-sustaining oxygen equipment, 
monitoring radiation levels and safeguarding vital communications circuits. 
The meter-relay is both an indicator and controller, sensitive enough to 
operate on very small microampere or millivolt inputs without amplifica- 
tion. Simple, accurate, applicable to any electrically-measurable variable, 
the A. P. I. meter-relay is well worth investigating as a low-cost monitoring 
and control device. You can start by writing for Catalog 4G. 


ASSEMBLY PRODUCTS, INC. 
Chesteriand 14, Ohio 


Circle 242 on Inquiry Card 


lugs. Houses 6.3-volt, 0.25-amp lamp. 
Aerotroni Associates, Inc Contoo 
cook, New Hampshire. 

Circle 542 on postcard at end of book 


LOW-POWER 
INDICATOR LIGHT 


Miniature neon indicator light combines 
low current of neon lamps with low 
voltage of miniature incandescent lights. 


Unit generates own firing voltage from 


4 volts d-c or is switched from as low as 
2 volts d-c. Potted indicator mounts 
in %¢-in. hole, requires approximately 
144 in. behind panel. Has three termi- 
nals for signal, positive supply and 
common ground, but other terminal 
configurations, lamp variations avail 
able. Special Products Div., Telex, In 
1633 Eustis St., St. Paul, Minn 
Circle $43 on postcard af end of book 


SMALL SERVO MOTORS 
Model RBC2407 servo motors for use 


with solid-state amplifiers have control 
windings split into two sections, each 
with 16-ohm impedance. Each section 


has separate leads, permitting parallel 


or series connection. Center tap be- 
tween sections permits use of series 
connection in push-pull circuits. Units 
are 115-volt, 60-cps reversible induc 
tion motors with high torque-to-inertia 
ratios. Typical rating, 0.75 oz-in. at 
1000 rpm; gear reductions available 
from 5:1 down to 3600:1. National 
Pneumatic Co., Inc.. Holtzer-Cabot Div., 
125 Amory St., Boston 19. 

Circle 544 on postcard af end of book 


Continued on page 260) 
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116 reasons why we can help you put 
your finger on the right plastic faster 


16 grades of Vulcanized Fibre... 


This will give you an idea of how 
surely National can help you pin 
point exactly the plastic you want 
National has the broadest line in 
the industry, including standard 
forms, precision - fabricated parts, 
and a huge stock of many grades 
ready for immediate shipment. For 


a 7 5 
a 
@ , 


= grades for printed circuits... 


fast help, samples, or more informa 
tion, contact your nearby NVF sales 
office. You'll find the ‘phone number 
in Sweet’s Product Design File 
2b/Na. Or write NVF, Dept. TT, 
Wilmington, Del. It’s a direct line 
to the one best material per dollar 
of design performance 


a 


VULCANIZED FIBRE CO 


x NATIONAL 


n Canado 


NATIONAL FIBRE COMPANY OF CANADA, LTD.. Toronto 3 





Analyze, Identify Source of Product Noise! 


Bruel & Kjaer AUDIO FREQUENCY SPECTROMETER 
and LEVEL RECORDER 


Sse ee eee see 


se ea EM 
FREQ < - 
<5 Leve 


The spectrogram shown is a 1/3 

of the structure borne noise from 
conditioning unit. The amplitude levels are plotted 
in true RMS values, an essential fo accuracy in 


such complex signal analysis 


The precise characteristic of the B & K 1/3 oc- 
tave filters readily distinguishes those frequencies 
that are the offenders in undesirable noise 


and vibration. 


B & K Model 3312 Spectrum Recorder. 

Consists of Mode! 2111 Spectrometer 

ond 2305 Level Recorder. The B & K Model 3312 Spectrum Recorder is a rapid analysis 
system very well suited to product evaluation. It earmarks pure 
tones, beat notes and other noise or vibration characteristics, 
permitting quick identification and determination of those which 
must be modified or eliminated. 


B &K Model 3312 analyzes complex signal frequencies from 14 
c/s to 36,000 c/s and voltages from 5 Micro Volts to 1000 Volts. 


Please send me 


B & K Brochure on 


Nome__ 


Compony____ 


ernest AB‘®> B & K INSTRUMENTS, Inc. 


3022 W. 106th STREET + CLEVELAND 11, OHIO - Clearwater 1-8430 
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0.03-HP FAN-COOLED MOTOR 
Miniature BF 15-14 


primarily as driving 


motor functions 
unit for diverse 
fuel, air, and hydraulic pumps for air- 
craft 10,000 and 


Operates at rpm 


a 


conforms to applicable portions of 


MIL-M-7969A and MIL-E-5272A. Full- 
load torque , 
volts, 400 
0.439 
Div., General Precision, Ine., 


Bride Ave., Little Falls, NJ 
Circle 545 on postcard at end of book 


in.oz; operates on 115 
full-load cur 
Kearfott 
1150 Me 


3 phase ; 


rent is amp; wt, | lb 


ENCAPSULATED MOTORS 


Three or two-phase squirrel-cage mo 


tors, rated at | through 125 hp a-e, 


have stator encapsulated in epoxy com 


Motors available in NEMA de 


pound 


signs A, B, C and D for 1, 2, 3 or 4 
speed constant or variable-torque oper 
ation at all standard voltages and fre 

Howell Electric Motors Co.. 
Mich 


Circle $46 on postcard at end of book 


quencies 


Howell 


MATCHED CONDENSER 
BLOCKS 
Multi-section ¢ 


use in frequency-determining and tim- 


ipacitator blocks are for 


ing circuits, Capacitance per section 


ranges from 0.001 yf to 10 yf, with 
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FROM RIVERSIDE-ALLOY 


Bs 


“Put ups” by the ALLOYIST™ 
pay off in Production 


There’s a right kind of wire or strip “put up” for your production 
equipment . . . there’s a right size for long runs and short runs. But, are 
you getting the kind and size of “put up” you need, when you need it? 


The ALLOYIST has them all . . . spools, reels and Pay-Off-Paks for 
wire in overlapping weights 25 to 1000 pounds. . . strip by coil weight 
to 2000 pounds or exact lengths . . . rod in exact lengths or randoms. 
Start the job right. Order your alloys from the ALLOYIST for a 
pay-off in smoother production. 

*Riverside-Alloy is the ALLOYIST to the electrical/electronic industry . . . a single, re- 
liable source of strip, rod and wire in Nickel, Nickel silver, Cupro nickel, Stainless steels 
(ISOLOY), Phosphor bronze, Monel and Inconel . . . a supplier whose manufacturing 
processes insure your product superiority. 

Riverside-Alloy Metal Division, H. K. Porter Company, Inc., Riverside, 
New Jersey. 


RIVERSIDE-ALLOY METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools , forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 


Circle 245 on Inquiry Card 





This unusual cord set — introduced and 
patented by Miller Electric—is specified 
as the finishing touch by America’s best 
known manufacturers. 

imaginatively designed to simplify and 
speed removal from any outlet, the trim, 
modern Finger-Pull Plug overcomes “wire 
yanking” habits that cause annoying ahd 
dangerous failures in ordinary plugs. 

Cord can be hanked through loop. 
Dealers like to demonstrate it. Cus- 
tomers like to use it. You'll like its 
unlimited color co-ordination possi- 
bilities and the way it can effectively 
display your trademark. Styles avail- 
able for light and heavy duty and 
3-wire applications. 


You get even more of a competitive 
advantage from cost-conscious Miller 
Electric's complete engineering service 
for problem applications, extremely eff 
cient production and respect for your 
production schedules. 

Whether from the industry's broadest 
line of stock cord set components or 
custom-engineered, Miller gives your 
product a “plug” 


Write for Catalog M2 


MILLER ELECTRIC CoO 


120 Main Street + Pawtucket, R. I. 


Circle 246 on Inquiry Card 


New Series ST Power Relay ideally suited for starting motors up to 1 horse- 
power, elevator controls, and many other applications requiring high current 
or high voltage switching with maximum dependability 
The Series ST is presently available in DPDT models only, and features: 

@ One piece moided Bakelite base which provides high barriers between 


electrical connections. 


@ Gold flashed Fine Silver contacts 5/16” in diameter. Rated 15 amps 


/115/60. 


@ Screw type electrical connections mounted conveniently on base. 
@ Available voitage ranges 6-110 VDC and ali standard A.C. voltage to 


440 VAC. 


Engineering specifications and other electrical characteristics are found in 
Bulletin #80, available from Line Electric on request. 


LINE ELECTRIC COMPANY 


241 RIVER STREET, ORANGE, NEW JERSEY 


AFFILIATE « INDUSTRIAL TIMER CORPORATION 


Circle 247 on Inquiry Cord 


voltage ratings from 100 volts d- 
Matched as closely as 14 per cent ab 
solute, blocks are available in polysty 


Mylar 


Furnished in hermetically sealed metal 


rene, Teflon and dielectrics 


cases with solder-seal terminals. Film 


Capacitors, Inc., 3400 Park Ave., New 


York 56 
Circle 547 on postcard at end of book 


METALLIZED MYLAR 
CAPACITORS 


Small BN tubular capacitors for printed 
circuits are enclosed in insulated plastix 
cases to permit close stacking without 
Available from 0.01 


danger ot arcing 


to 8.0 pf at 200 to 600 volts d-« 
higher capacitances to order. Diameter 
to 1 in.; length, 1 to 244 in. Hop 
12900) Foothill 

Blyvd., San Fernando, Calif 
Circle 548 on postcard at end of book 


re 


kins Engineering Co 


POTTED SUBMINIATURE 
PAPER CAPACITORS 


Series ME metallized paper capacitors 
designed for d- are vacuum epoxy 
impregnated and sealed in epoxy cases 


55 to +-125 


()perating temperature 


( capacitance values, 0.001 to 2.0 yf 
Series Wh designed for a-c or d-c, are 
Vacuum wWwax-impregn ited and operate 


from 55 to 85 CC. Capacitance 
values are from 0.001 to 15 uf. Both 
eries available in 100, 200, 400 and 
600 volts d- 20 per cent. Tighter 
tolerances to order. Electron Products, 
130 Halstead: St., Pasadena, Calif. 


Circle 549 on postcard at end of book 


HIGH-VOLTAGE 
QUARTZ TRIMMER 


Model VCJ337 Seak ap is one of a line 
of quartz trimmer capacitors with sealed 
interior constructon and high voltage 
high-temperature characteristics. Ca 


pacitance range, 2 to 10 pf; working 
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POPULAR 


Call your Gp) rep today for a 
demonstration of one of these 


OSCILLOSCOPES 


Production or lab instruments— Simple to use, even for non- 
technical personnel — Moderately priced—Full 10 cm x 10 cm 
display — Automatic calibration waveforms— Low phase shift — 
Automatic triggering for optimum presentation—“Times-5” 
sweep expander magnifies trace, improves resolution. 


DC to 200 KC 


Models 120A/AR combine minimum controls with # automatic triggering 
for utmost speed, convenience. Horizontal amplifier dc to 200 KC; phase 
shift only + 2° to 100 KC. More X-axis information due to horizontal ampli- 
fier sensitivity control, with vernier, 5% accuracy. Balanced input on most 
sensitive ranges for low level work. Times-5 sweep expander, all ranges. 15 
calibrated sweep speeds, 5 ,sec/cm to 0.2 sec/cm. Vernier, expander extend 
speed range 1 .sec/cm to 0.5 sec/cm. 10 mv/cm sensitivity calibrated ver- 
tical amplifier, drift-free trace. # 120A (cabinet) or & 120AR (rack) , $435. 


DC to 200 KC - DUAL TRACE 


Models 122A/AR provide simultaneous two-phenomena presentation, are ideal for direct 
comparison of filter, amplifier output /input phenomena; vibration testing. Unique % front- 
panel automatic calibrator waveform switch. Twin vertical amplifiers operate independent- 
ly, simultaneously, differentially. Automatic triggering, automatic synchronization, single 
trace operation when desired. Sensitivity 10 mv/cm to 100 v/cm, 15 calibrated sweeps, ver- 
nier extension. Horizontal amplifier dc to 200 KC. # 122A (cabinet) or 122AR (rack) , $625. 


DC to 300 KC -“BIG SCOPE” PERFORMANCE 


Models 130B/BR provide wide usefulness, simple operation and rugged dependability. 21 calibrated sweep 
times, 1 »sec/cm to 5 sec/cm. Vernier, expander extend range 0.2 ,sec/cm to 12.5 sec/cm. Twin hori- 
zontal and vertical amplifiers, phase shift + 1° to 50 KC; sensitivity 1 mv/cm to 125 v/cm. Balanced 
input on 6 most sensitive ranges. Common mode rejection 40 db. Stability 1 mv/hour after warmup. 
Triggering automatic, internally, line power, externally, 0.5 v or greater. # 130B (cabinet) or 130BR 


(rack) , $650. Data subject to change without notice. Prices f.o.b. factory 


HEWLETT-PACKARD COMPANY 
Thirteen precision 1050M Page Mill Road Palo Alto, California, U.S.A. 
: Cable “HEWPACK” DAvenport 6-7000 
he oscillose opes, Sales representatives in all principal areas 
HEWLETT-PACKARD S.A. 
de to 1,000 MC : Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43.36 «7s 


DECEMBER 1960 Circle 248 on Inquiry Card 267 





The demonstrated high performance and 
outstanding reliability of our new SILDIS( 
only 3/16” in dia. x 1/6” thick is all the 
more impressive because of its small size 


We think there's also an advantage in 

being a small, newly-created division of 
Controls Company of America which we 
are. For one thing, we're small enough 

to give our customers’ problems our immediate 
high-priority attention. And small enough 
for all our top scientists, engineers and 
production brains to get together in 

one room so each can benefit from a 
thorough definition and discussion of the 
problems to be solved 


Back of us there’s a big company, with vast 
experience we Can draw upon a 

company whose 1960 expenditures for 
research, engineering and product development 
will exceed $2,000,000 


Though small, we specialize in tackling 
hig problems. If you've got one, we'd welcome 
an opportunity to talk with you 


Sildiscs: in General Purpose Diodes 
Zener Diode, Double Anode Diode, Low 
Voltage (1.5 volt to 3 volt) Zener Diode 


Silicon Low Power Junction 
General Purpose and Zener Diodes 


Write for Your Free Silicon Medium Power Junction 
Copy of Catalogues General Purpose and Zener Diodes 


and Data Sheets: Silicon High Power Industrial Rectifiers 


Lo 


CONTROLS COMPANY ,» OF AMERICA 


811 W Broadway 


Box 937, Dept 164, Tempe, Arizona 
ELECTRON DIVISION a eT eS nena? 
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volt ize, S000 volts d-c : electric 
strength, 5000 volts; insulation resist 
ance, 2 10° megohms; operating 
temperature range, 95 to 4-200 C; 
temperature coefficient, +50 ppm/deg 
C; Q, 1500 at 1 me. JFD Electronics 
Corp., 6101 {6th Ave., Brooklyn 4 
Mieke 
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SERVO-VALVE 
MONITORING SYSTEM 


Model 1000-7 servo-valve monitoring 
system consists of three pressure trans 
ducers mounted on a thin manifold 
block which fits between servo-valve 
and hydraulic system manifold. A 3000 


psi differential transducer provides con 


stant readout of pressure difference 
between two servo-valve control ports 
A 3000-psig and a 300-psig transducer 
give constant indication of pressure at 
supply and return ports. System ac 
curacy same as that of pressure trans 
ducers used. Typical specifications: 
non-linearity and hysteresis combined, 
less than 0.25 per cent of full scale 
per deg F from —65 to +-275 F; com 
bined errors from all sources, less than 
0.5 per cent of full scale. Provisions 
for shunt calibration, signal amplifiers, 
excitation sources. Standard Controls, 
Ine., 1130 Poplar Place, Seattle 44, 
Wash. 
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INDUSTRIAL PRESSURE 
TRANSDUCERS 


Solid-state variable-reluctance Model 
ACS-1 converts fluid pressures into 
continuous electrical signals for driving 
milliammeters or direct-writing galvan- 
ometers 5000 ft away. Available in full- 
scale differential pressure ranges from 
0-0.05 psig to 0-5000 psig, or from 0-5 
psia to 0-5000 psia. Zero- and span 
adjustable transducers operate on 115 
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KLIXON 


BUILT-IN PROTECTOR 


PROVIDES 


Complete Protection 
Against 
Motor Burnouts in 
Rapidayton 
Submersible Pumps 


... Protects Start Capacitor, too! 


Among the many features of the Rapidayton 
submersible water pump is a new first... a butll-in 
KLIXON Protector. 

The KLIXxon Protector, mounted in the oil-filled 
motor just above the windings where it can accu- 
rately sense temperatures, provides complete over- 
heat protection (both current and ambient) of 
motor windings, start capacitor, and transformer 
oil used as a coolant and lubricant in the motor. 

In addition, the KLIxon Protector provides 
these plus benefits allows maximum a motor 
output... permits mounting of start capacitor at 
bottom of the pump, a design benefit not possible 
with remotely located circuit breakers or protectors 

. eliminates costly remote control box and extra 
wiring .. . prevents nuisance tripouts in hot tem- 
perature zones... prevents burnouts in cold tem- 
perature zones. 

You, too, can obtain the many advantages of 
K LIXON Protectors. Safeguard your motor-driven 
equipment by using motors with built-in KLIXON 
Protectors. The additional cost is low . . . the sav- 
ings high. Ask your motor supplier for information 
or write for KLIXON Motor Controls Catalog. 


KLIXON BUILT-IN 
PROTECTOR 


Overheat 
Manufacturing Company's 
yton 


ible Pumps. 
(1) Protects motor windings 
against burnouts. (2) Protects 
ow failure due to 
rap b 
(3) Protects oil in motor casing 
against deterioration from 
high temperature. 


KLIXON BUILT-IN PROTECTOR 
Safeguards Motor Against These 
Conditions. 


High or low voltage... running 
duty. 


Locked rotor both windings (at 
normal, low and high voltage). 


Locked rotor main winding only 
in case start switch fails to close 
or capacitor fails to open. 


Start switch sticks in closed 
position (both windings in cir- 
cuit). 


Locked rotor start-winding only 
(lead to run-winding dropping 
off). 


ica cideaiaaaeaiilie “~ TEXAS INSTRUMENTS 


are protected against INCORPORATED 


overheating and burning METALS & CONTROLS DIVISION 


= , "AY D Ww ’ 
SPENCER PRODUCTS: Kiixon® Inherent Overheat Motor Protectors + Motor Starting Relays + Thermostats + Precision Switches « Circuit Breakers 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


Tite 


FOR CONTINUOUS OPERATION AT 
age cai SPOT TEMPERATURES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


“0-0-0. 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE TEFLON 


CERAMIC MEAVY.TEPLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* *£# * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 
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volts, 60 cps with optional built-in 
regulation for 105-130 volts a-c varia 
tion. Units available for corrosive ot 
noncorrosive liquids and gases, overt 
temperature range of —65 to 160 | 
The 9-]b transducers measure 4% x 854 
x 3%e6 in. Ultradyne, Inc. P. O. Box 
3308, Albuquerque, N. M 
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PRESSURE TRANSDUCER 


Miniature 
transducers, Series 8416, measure pres 
wo psi 


manutac 


high-temperature pressure 


sures in any range from 0 to 
and 0) to 15.000 psi. Can he 


tured to measure gage absolute or dif 
ferential pressures, in various resist 
Linearity of the 


ance values instru 


ments is within maximum tolerance of 
“1.5 per cent over entire range. Units 
are 3.65 in. long and | in. in diam 
than 0.25 Ib. Colvin Labora 


164 Glenwood Ave., East 


weigh less 
tories, In 
Orange, N. J 
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LOW-LEVEL ACCELEROMETER 


Model 408 accelerometer is « ipable of 
i* low as 0.0025 g. Maxi 
10.000 ¢g 


measurements 


mum acceleration of unit is 


frequency response trom l eps to 3 
with resonant frequency at 55 | 
amplitude linearity *1 per 
perature range tr + 


(Conti 
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General ys nt Semicond aaa 


VS | 


« 


ws i Pah. 
t % *.. 
eave) ae ere 


Va 


aS pee +e, ES . re 
ENEW 10-WATT ZENERS... 
xifemely low Dynamic Impedance 
Superior Case Design 
Up to 175° C Operation 


Diffused Junction Type 
100% Scope Tested 


Outstanding Quality—New line of superior means high reliability and long life. Con- 
quality 10-watt zener diodes provides de- servatively rated diodes show extreme 
pendable uniformity of electrical character- stability under life tests at maximum pa- 
istics completes the family of General rameters, 

Instrument zeners. Unique case design, New Diodes Available for ImmediaterDeliv- 
which employs thermal matching of silicon ery in Types 1N1808; 1N2044 through 
and package, enables units to withstand 1N2049; and 1N1351 through 1N1362. Volt- 
rapid temperature cycling and thermal age ranges from 7.5 to 30 volts (higher upon 
shock. Low Junction operating temperature request). 


New 10-Watt Zeners 3.5-Watt Stud Mount’ 1-Watt Axial Lead vee Fame bir ee | 
eee me ee oT ee 0 MMe ee 


Type Voltage SC imp a Voltage yan Type Pa) Fe l | oe ane | 
' a CT ' Lar | Cd) 


CONTACT CENERAL INSTRUMENT for full technical information on the complete line of zener diodes, and for applications assistance on all your semiconductor needs. 


GENERAL INSTRUMENT SEMICONDUCTOR 


ENERAL TRANSISTOR DIVISION OF GENERAL INSTRUMENT CORPORATION 


TRANSISTORS, DIODES, RECTIFIERS 65 Gouverneur Street, Newark 4, New Jersey 
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A.0. Smith has the horses ! 


Solid favorites for quiet 


operation, low maintenance and 


long-life service... 


a// from the case of the A. O. Smith Motor Man 


The horses of A. O. Smith make up the dandiest remuda 
an integral motor user ever saw. A complete line of long- 
lived “easy keepers” — that includes .. . 


SINGLE-PHASE DRIPPROOF INTEGRALS 
Tough rolled-steel frames have mountings harnessed to 
either old or new NEMA standards. Exclusive sealed 
starting switch keeps ‘em running free and easy. 


POLYPHASE DRIPPROOF INTEGRALS 
These front-runners are sound of wind, thanks to extra- 
value ventilation and insulation . . . sound of limb, 
thanks to extra care in electrical and mechanical design. 
And A. O. Smith delivers the horses! Our motor man 
near you is on his mark with 24-hour action on all parts 
and service orders. He’ll also show you a complete line 
of fractional-hp motors. 


ELECTRIC MOTORS 


Tipp City, Ohio 


A. 0. SMITH INTERNATIONAL S. A. 
Milwaukee 1, Wisconsin, U. S. A. 
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THE CALCULATOR 
THAT EXTRACTS 
SQUARE ROOT 
AUTOMATICALLY! 


1. On the keyboard, enter the 
figure from which the root is 


2. Touch the square root key 


correspondin ‘ec to position of 
radicand’s decimal point. 


root will appear in the dials. 
Time required: just seconds. 


274 


Meet Friden’s SRW —the Thinking Machine 
of American Business. It’s a complete desk 
calculator in every way. But it also extracts 
square root automatically at the touch of a 
single key. 
If you now waste valuable productive time 
extracting square root by old-fashioned 
methods, put in an SRW and watch it pay 
for itself. Call your Friden Man or write to 
San Leandro, California. 

THIS IS PRACTIMATION: 


Automation so hand-in-hand with practicality 


Friden, Inc., 


there can be no other word for it. 


1960 FR)OER, 


= Triden 


FRIDEN INC SALES NSTRUCTION,. SERVIC 


THROUGHOUT Tre u 6s AND THE WORLET 
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And it’s the only calculator that can! 


for standard units, less than +10% 
variation in sensitivity throughout tem- 
perature range. Columbia Research 
Laboratories, MacDade ‘Blvd. & Bullens 
Lane Woodlyne, Pa. , 
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DIRECT-VIEW STORAGE TUBE 
rype WL-7268 storage tube incorpo- 
rates two writing gunsjand a viewing- 
gun system for a uniform display over 
Electro- 


statically focused and deflected writ 


a 4in. diam viewing area. 


ing guns permit independent. simul 


taneous writing of two signals. Bright- 
ness to 2500 ft-lamberts with 10,000 
volts applied to the phosphor; 
storage time 


writing 
speed 46.000 in per sec; 
long enough for examining and record 
ing display. Pin connections grouped 
according to operating potentials within 
2-tier 25-pin base (JEDEC B25-216). 
Entire tube is potted within its mag 
netic shield with synthetic silicone 
rubber material. Maximum diameter 
514 in.: length, 1554 in. Westinghouse 
Electronic Tube Div., P.O. Box 284, 
Elmira, N. Y 
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TWIN TRIODE TUBE 


Iype 7308 “Ampliframe” is a high-gain 
twin-triode tube for use in radar, oscil 
loscopes, computers and broadband 
amplifiers. It employs a grid frame de 
signed to withstand shock and vibra 
tion, avoid microphonics, and maintain 
close grid-to-cathode spacing. Has trans 
conductance of 12,500 pmhos, noise 
factor of 4.5 db. Amperex Electronix 


Corp., 230 Duffy Ave., Hicksville, N.Y 
Circle 556 on postcard at end of book 
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your BeEesrT 


Division oF 


sino 


AMERICAN MACHINE & FOUNDRY COMPANY . 


THIS IS A BETTER LATCHING RELAY 


Better? Yes, in several ways. Bifurcated Contacts, for ex- 
ample, give improved reliability, especially in dry circuits. 
Contacts will not open during vibrations of 30Gs, 55 to 
2500 cps. A special method of sealing cover to base 
eliminates flux contamination of the contacts. And there 
are more. Here is Potter « Brumfield’s newest member of a 
distinguished family of micro-miniature relays: the FL Series. 


Expressly designed for printed circuit applications, this 
DPDT, 3 amperes ((@ 30V DC) latching relay lies parallel to 
the mounting surface. Its height, when mounted, is only 
485", thus circuit boards may be stacked closer. Mounting 
can usually be accomplished without studs or brackets, 
simplifying installation 

The FL will remain firmly latched in either armature position 
without applied power, a significant advantage where power 
is limited and long relay “on” times are required. This relay 
may be operated by: 

1. Pulsing each coil alternately (observing coil polarity), or 


2. Connecting the coils in series and operating from a 
reversing (polarized) source 


Write for complete information or call your nearest PsB 
representative 
i 


bas, 


sce 11 oC 


Si. 11 08 
(Latchning) 


FL SERIES SPECIFICATIONS 
Shock: 100 Gs for 1! milliseconds. No contoct 
openings. 


Vibration: .195", no contact openings. 10 to 
55 cps. 30 Gs from 55 to 2500 cps. 


Pull-in: 150 milliwatts maximum (stondord) ot 
25° C. 80 milliwatts moximum (special) 
ot 25° C. 


Operate Time: 3 milliseconds maximum at 
nominal: voltage at 25° C. 


Transfer Time: 0.5 millisecond maximum at 
nominal voltage ot 25° C. 


Temperature Range: —65° C to + 125° C. 
Terminals: Plug-in pins. 


Dimensions: L. 1.100" Mox.—W. .925" Max 
H. .485” Mox. Hermetically seoled only. 


SLG 11 DA 
(Latching) 


Other P4B micro-miniature relays include conventional and latching models in crystal cases with a wide 
range of terminals and mountings. All are made in a near-surgically clean production area under the 
exacting requirements of our Intensified Control and Reliability program. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


i. &@ source FOR Atk MIiCRO-M™MINIATURE RELAYS 


@ POTTER & BRUMFIELD 


PRINCETON, INDIANA 


IN CANADA: POTTER A BRUMFIBLO CANADA LTD., GUBLPH, ONTARIO 
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GREAT! 


Amperex 


~~ 6939 
MINIATURE UHF TWIN TETRODE 


with these Amperex EXTRAS: 
¢ frame grid construction 


¢ 5 watts total anode dissipation in 
miniature envelope 


¢ 5% watts useful power in load (ICAS) 
* maximum ratings to 500 Mc 
© gold-plated grid for low grid emission 


OPERATING CONDITIONS, AMPLIFIER, CLASS C, FM 


ccs ICAS 
Frequency 500 500 MC 
Plate Voltage 180 200 voits 
Screen Grid Voltage 180 200 volts 
Control Grid Bias 20 20 volts 
Pilate Current 2x27.5 2x30 ma 
Screen Grid Current 12.5 14 ma 
Control Grid Current 2x0.75 2x0.75 ma 
Driving Power 12 1.2 watts 
Piate input Power 2x5 2x6.2 watts 
Piate Dissipation 2x2.1 2x2.6 watts 
Screen Grid Dissipation 2.25 2.8 watts 
Output Power 58 7.2 watts 
Useful Power in Load 5 6 watts 


Other Amperex replacement favorites: 
5894 High-sensitivity VHF/UHF twin tetrode; 
40 watts anode dissipation 
6360 High-sensitivity VHF/UHF twin tetrode; 
6146 


14 watts anode dissipation 
High-sensitivity beam power tube 
S66AX Mercury vapor rectifier 


ask your distributor 
about extre-quality 


Amperex 
replacement tubes 


Amperex ELECTRONIC CORP. 


230 Duffy Avenue, Hicksville, L. |., N. Y. 
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5-IN. CATHODE-RAY TUBES 
S5ADP and 5ABP types, 


aluminized 


Replacing the 


tubes utilize screen tor 


greater light output at voltages as low 


as 2.500 volts. Spot or trace drift due 
effects is eliminated 
SABP is term 


Features tightened 


to tace chargin 
The replacement for the 
SABP-A 


tolerances on trace 


ed Type 
ilignment, 
distortion, and deflec 
formity. Allen B. Du 
tories, Clifton, NJ 
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LINEAR-MOTION 
POTENTIOMETER 


Model 159 tubular potentiometer is de 


signed for internal 


pattern 
tion-tactor unt 


Mont I a 


bora 


installation in hy 
lraulix wluators and other tele scoping 


issemblies. The in. case with con 


eentric actuatu shaft is sealed by O 
ring. Standard trav ranges, | to 5 in 
Resolution is as low as 0.001 in 


Loo | 


trical connectors, center taps, switches 


Oper 
ites al il end fittings, elec 
an be incorporated Bourns. Ine 6135 


Magnolia Ave Riverside. Calif 
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| POTENTIOMETER 


\ 4-in diam pl istic-case pote ntiometer 


meets MIL-R-19A and MIL-R-19 1A 


specifications. O-ring shaft seal and in 


ternal sealing reduce environmental 
range is 1 to 
Dissipates 1.5 watts at 40 
0.3 to 6 oz-in. Weight, 0.02 


Manufacturing, Inc., Way 


problems. Resistance 
20.000 ohms 
( Porque 
lb. Waters 
land, Mass 

Circle 559 on postcard at end of book 


(Continued on page 


Components 


With or without caps. 
laternal or External 
Threads 


Many Stock Sizes. 


Come out of 


oWidwest i 
AMO MANUFACTURING COMPANY 


FASTICS 


FOR ELECTRICAL APPLICATIONS 
Send Prints for Quotation 


173 Rotary Brive 
GURMEE, ILLINOLS 
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Nickelectric News 


DEVELOPMENTS IN NICKEL 


Inconel brushes hold carbon electrodes, help this 
airborne searchlight light up. Product of Arma 
Division, American Bosch Arma Corporation 


New Airborne Searchlight 
.- + Radiant heat from its 5000 F 


arc is no problem for Inconel 
GARDEN City, N. Y. This new 
airborne searchlight 
million candlepower 


Arma 
generates 130 
more than the 
total light from a million automobile 
headlamps. It burns 15 minutes at a 
time, instead of the 30-60 seconds of 
existing aircraft searchlights 

The carbon arc reaches temperatures 
of 5000° F or more. Away from the arc, 
temperatures drop off rapidly but cer 
tain parts of the searchlight must 
operate in intense heat. So the elec- 
trode brushes (see drawing) are made 
of Inconel*® nickel-chromium alloy to 
withstand this heat, electrode abrasion, 
oxidation, and creep for hundreds of 
lighting cycles 

Where you design parts to 
high-temperature stress, fatigue, cor- 
rosion, Inconel alloy is an excellent 
materia! choice. In very high tempera- 
tures (such as springs used at 1100° F) 
Inconel “X” age-hardenable nickel 
chromium alloy is fully used 
Both alloys are strong, ductile, are 
readily formed and welded 
Pertinent Literature: Write for Bulletin 
T-7, “Engineering Properties of Inconel 
and Inconel *X’.” 


resist 


succe 


New G-E Electrolytic Capacitor Electronic Grade 
A’’* Nickel lead wires help make it rugged 


Small, rugged capacitor 


. ++ Nickel leads boost its strength 


Hupson Fai, N. Y. The new Solid 
Tantalytic™ capacitor is designed for 
low voltage circuits its capacitance 
changes not more than 20% from 
+ 85°C down to —80° C. General Elec 


An. 


NCO 


TeRaode 


DECEMBER 1960 
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3 Inco Nickel Alloys help =e 


build high reliability into 
eae fire detector 


... Protect sensing salts for repeated warning service 


ASHLAND, Mass. An aircraft fire de- 
tection system made by Fenwall, Inc., 
features radically improved accuracy 
and reliability for flight safety. It 
eliminates false alarms from moisture 
and averaging, gives continuous detec 
tion along whole sensing element loop, 
contains no moving parts. 


INCONEL ALLOY SHEATHING _ 


ELECTRONIC GRADE 
“A” NICKEL WIRE 


SALT COMPOUND & INSULATION nee 


Section of detection element 


element consists of a 
strong, flexible Inconel® nickel-chrom 
ium-iron alloy tube with a wire of 
Electronic Grade “A” Nickel at its 
center. The space between is filled with 


The sensing 


an inorganic salt. (See drawing above.) 
The element is connected to a signal 
amplifying control unit. 

Overheat at any point along the ele 
ment, or spread over many feet of its 
length, causes the salt’s electrical re 
sistance to drop sharply. The element’s 
electrical current flow changes, trig 

alarm. System 
condition when overheat con 
corrected. 


gers an returns to 
standby 


dition i 


tric designers gave it unusual resist 

ance to mechanical shock with Elec- 
tronic grade “A”* Nickel lead wires 
I hey chose Nickel for three good rea- 
(1) welds easily high thermal 
coefficient of electrical resistivity aids 
quick, strong spot welding, (2) solders 
easily speeds hermetic sealing, and 
assembly into circuits, (3) meets strin 
gent mechanical specifications leads 
0.0201" diameter) withstand 30 sec 
ond pull test of 3 pounds, four 90° 
alternate bends. A General | te ¢ 

Pertinent Literature: Write for ““Tech- 
nical Bulletin T-15.” cipcie 261 on Card 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, inc. 
Huntington 17, West Virginia 


sons 


Designers at Fenwall needed a flexi- 
ble sensing element tube — of a metal 
that resists fire, fatigue, oxidation, pro- 
tects sensing element salts for life of 
the airplane. They chose Inconel alloy. 
( Note sensing element in photo below.) 
The core wire requires good electrical 
conductivity, plus all the tube’s prop- 
erties, Electronic 
Grade “ And for the element 


SU designers chose 


A” Nickel. 


This fire and overheat detection element, enclosed 
in Inconel tube, is so flexible it can be twisted 
like a helical spring and still stay serviceable. 


spring mounting clips, they chose Inco- 
nel “X’’* non-magnetic, age-hardenable 
nickel-chromium-iron alloy. Inconel 
“X" clips retain springiness even at 
elevated temperatures. 

Pertinent Literature: Write for “Nickel 


Alloys for Electronic Uses.” 
c ircle » 259 on Inquiry Card 


Monel **403” alloy has 
low permeability plus 
advantages of Monel alloy 


Monel “403”* alloy is comparable to 
Monel® nickel-copper alloy itself, ex- 
cept that it provides a low magnetic 
permeability. Typical permeability is 
1.004 at room temperature, 200 oersted 
field strength: permeability will not 
exceed 1.1 at 27° F in 0.5 oersted field. 
Like Monel alloy, Monel “403” alloy is 
easy to form, machine, weld, braze, 
solder. Also important, it retains low 
permeability during cold working. 
Pertinent Literature: Write for “Basic 
Data — Monel ‘403° Alloy.” 
Trademark, The International Nickel C« In 
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Kearfott Uninterrupted Power Systems... 


FOR CONTINUOUS, UNVARYING 
POWER AT ALL TIMES 


| NORMAL POWER 


om= NORMAL POWER FLOW 
mmm EMERGENCY POWER FLOW 


Typical applications: Nuclear Reactors » Power Distribution 
« Digital Computers » Process Control» Communication Systems 


Kearfott Uninterrupted Power Systems are vital in applications 
where any interruption in AC power can cause serious loss or 
delay. These continuous power systems, which can be tailored 
to a variety of requirements, put an end — once and for all — 
to the problem of varying or intermittent prime power. 


In one representative system arrangement, an AC generator 
is driven by a DC motor which derives power from a regulated 
rectifier in parallel with a long-life storage battery. When power 
fails or varies the rectifier, which normally supplies power to 
the DC driving motor, is disconnected and the battery provides 
surge-free power to the motor—in zero time. When prime power 
is restored, the system automatically reverts to standard op- 
erating conditions and the battery is restored to readiness by 
the main battery charger. 


Also available in 2 and 3 unit systems operating in parallel with 
or isolated from the line, Kearfott’s compact uninterrupted 
power systems also provide audible and/or visual alarms to 
indicate over- and under-voltage, overload or ground condi- 
tions. 

Generator ratings to 

150 KVA 60 and 400 cycles, 

single and polyphase. 


Frequency, voltage, and 
transfer regulation as 
required by the application. 


For complete data on the wide variety of arrangements available, write to: 


KEARFOTT DIVISION 


» GENERAL PRECISION, INC. 


Little Falls, New Jersey 
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¥2-IN. DIAMETER 
POTENTIOMETERS 


Precision wire-wound potentiometers 
and trimmers include up to six gangs; 
servo or bushing mounted, with choice 
of ball or jewel bearings. Potentiomet- 
ers feature standard linearity of 0.3 per 


er 


\ \ 


cent, trimmers provide 3 per cent line 
arity. Potentiometer resistances range 
from 100 ohms to 250 k ohms; trim 
mers from 2 ohms to 250 k ohms 
Power ratings up to 2.5 watts at 65 C; 
marx operating temperature is 150 ¢ 
Ace Electronics Associates Ir gy 
Dover St., Somerville 44, Mass 

Circle 560 on postcard at end of book 


VERTICAL-MOUNTING 
WIREWOUND RESISTOR 


Resistor P-2W employs 0.2-in. lead 
spacing required by standard printed 
wiring boards and has 17/6+in. diam, 


27/64 in. long exclusive of leads. Non 


| TT Neh 
P2w oo 


inductively wound and sealed in epoxy 
resin, resistor meets MIL-R-93B and 
MIL-R-9444 requirements for opera 
tion at 125 C ambient temperatures 
No. 20 wire leads act as heat sinks 
Available at standard values up to | 
megohm, standard tolerances to 0.05 
per cent. Power rating for 1 per cent 
tolerance, up to 0.5 watt at 125 C 
Shallcross Mfg. Co., Selma, N.C 


Circle 561 on postcard at end of book 


POWER RHEOSTAT 


Rated at 25 watts rheostat element 


is wound on fiber glass insulated 


ELECTRO-TECHNOLOGY 





7 UR ey TR) 
PROTECTED! 


eam re Contoct Sea! 


hoover quality searincs at THEIR BEST 


Hoover bearings achieve highest quality standards other harmful contaminants. As shown above, 


DECEMBER 1960 


through the use of exclusive Micro-Velvet balls, 
accurate within millionths of an inch, and Hoover- 
Honed raceways that are super smooth, superbly 
finished. 

To preserve this superior quality throughout ex- 
tended life, Hoover bearings can be protected 
with shields and seals to lock out dirt, grime and 


Micro Velvet and Hoover-Honed are Hoover Trademarks 


NOODwer 


BALL AND BEARING COMPANY 
5400 Seuth State Reed, Ann Arbor, Michigen 


Zone Soles 6561 Sowh Chicago Ave, Chicege |7, itlinokk 
Offices ond 290 Lodi Street, Machemack, Mew Jersey 
Worehouses 2070 Solth Figueroa, los Angeles 7, California 

| 


—-—--------74 


shields, seals in Teflon and felt, and a combination 
of shields and seals meet a wide range of require- 
ments. To assure highest quality . . . best pro- 
tection . . . specify Hoover sealed or shielded ball 
bearings. Get complete information from your 
local Hoover bearing distributor listed in the 
Yellow Page Directory, or write us direct. 


Teflon is a DuPont trademark for its fluorocarbon resins 


Hoover Ball and Bearing Company 
5400 South State Rood, Ann Arbor, Michigan 


Please send me information on Hoover sealed and shielded ball bearing:. 


Nome 
Title 
Company 


Address 


City _ ven One State___ 


| 
| 
| 
| 
| 
! 
| 
| 
| 
| 
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TA Trademark of THE DIEHL MANUFACTURING COMPANY 


PICK 
your frequency... 


DIEHL precision resolvers and phase-shifters are avail- 
able for operation at frequencies up to 2 Mc. 

Operable and accurate at frequencies up to 2 Mc., the 
DIEHL line of precision resolvers and phase-shifters 
are right now proving their accuracy in a growing 
number of actual applications. 

One of the secrets of their success is an ultta-flexible 
basic design which permits almost limitless winding 
variations in the same size 11 frame, tailoring each unit 
for optimum performance at your frequency. 

Another is the wealth of design and manufacturing 
experience obtained during the four years since develop- 
ment of the first high frequency units in the precision 
manufacturing facility at DIEHL. 

Not to be overlooked is the company’s willingness 
to accept special frequency requirements rather than 
insisting on conformance to arbitrary ‘‘standard’”’ values. 

Take advantage of all our “‘trade secrets” when you 
specify high frequency resolvers and phase-shifters by 
DIEHL. 

Write for complete information. 4004 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


Somerville, New Jersey 
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*h Trademark of THE SINGER MANUFACTURING COMPANY 


aluminum core. Resistance range, 25 


ohms to 500 ohms, +10 per cent; 
shaft dimensions, flatted with 4 in. 
diam; bushing dimensions, % in. diam 
x 34 in. long to permit panel mounting 
to 3 in. Tru-Ohm Products, 2800 No. 
Milwaukee Ave., Chicago 18. 

Circle 562 on postcard at end of book 


WIREWOUND POWER 
RESISTOR 


Type RH-5 5-watt resistor is sealed in 
silicone resin and inserted in a radia 
tor finned aluminum housing. Meets 
applicable paragraphs of MIL-R 


18546B, is impervious to moisture and 
salt spray. Measures 0.600 x 0.334 in.; 
has a resistance range from 0.5 to 20 
k ohms. Tolerances range from 0.05 
to 3 per cent. Temperature coefficient 
is 0.00002 per deg C. Maximum op 
erating temperature is 275 C, free air 
rating is full power up to 25 C. Dale 
Products, Inc., Columbus, Nebraska 
Circle 563 on postcard af end of book 


VARIABLE RESISTOR 


Series CR45 continuous rotation com 
position resistor increases effective ro 
tation from approx 270 to 330 deg. Af 


ter. rotation, contact arm returns trom 


max to min resistance without opening 
circuit. Range is 250 ohms to 10 meg 
ohms with linear resistance gradient 
Rated from 14 to % watt, max operat 
ing voltage from terminals to bushing 
is 750 volts d-c. CTS Corp., Elkhart, 
Ind. 

Circle 564 on postcard at end of book 


FIXED COMPOSITION 
RESISTORS 


Fixed composition resistors come in 
1 and 2 watt ratings, available in 23) 


lf, 
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"Yusl wheal the dodler ordered!” 


TABENR TRANSISTORIZED 
AMPLIFIER SYSTEMS 


You're the doctor when it comes to TABER TRANSISTORIZED 
AMPLIFIER SYSTEMS. You name it and we'll ship it to 
you from stock or we'll custom design and produce it for you if 
you desire quantities. However, you'll probably find exactly 
what you want when you see our complete line folder. 


Write for 
Complete 
Line Folder 


le 
a 


TABER ' 


INSTRUMENT CORPORATION 
“Where the Accent is on Accuracy & Foliability” 
Section 165 107 Goundry St North Tonawonda, N. Y. 
Telephone: NX 3-8900 2 TWX-TON 277 
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RAJAH SPRING SNAP ieee lol 
Mee te ; a 
SOLDERLESS TERMINALS Mener' Multavi 


Merely push the terminal on the 
base stud, and it snaps into place Ta a LEAS 
making a positive electrical con- | | “ 


nection. To remove just pull it off; 
no screws to bother with, no springs Accuracy 1% for DC and 1.5% 


to bruise fingers. for AC and DC 
' A Large Variety of Models and 
Write for descriptive folder Ranges Available 


THE RAJAH COMPANY a 


astm a ambient en | BRIDGES & 
BS a INN: 
BINT 


STEEL BLUE” 
é 4 
Stops ee ma Popular poctees us 
NY 


f 8-oz. can fitted with : . 
making Dies end “ =2)\ Bakeiite ne holding Pontavi Wheatstone Bridge 
. - soft-hair brush for a ; ae 
tte ire : hel = right bene Pontavi Kelvin Bridge 
metal surface ready for : : 
| layout in a few minutes Inkavi Capacitance Bridge 
| The dark blue background | : 
A ‘makes the scribed linea Inkavi |Inductance Bridge 
show up ia arp relief, : 2 
poovente metal giare. In. Isolavi Insulation Testers 
ffici . 
en saooureae. Write to us for literature on 
High Accuracy Standard Meter 


Witte fer cumet aa 
Oe 150 Nassau St. 


~ THE DYKEM COMPANY 
2303F Nerth 11th St. «© St. Levis 6, Me. 44 INC New York 38, N. Y. 
== = a Tel: DI 9-2470 
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PRESIDENT 


He’s the designer 
who first put Luster-On" 
on the job! 


Luster-On is The Chemical Corporation’s 
low-cost protective finish for aluminum, 
brass, cadmium, copper or zinc. It is 
supplied in a complete line of uniform- 
controlled chromate conversion coatings 
that provide maximum protection in a 
single, simple, economical operation. 
Available as a liquid or powder for im- 
mediate delivery. 


Specify Luster-On, Best — 

FOR BRILLIANT CORROSION-RESISTANT 
FINISHES . . . rivals even chrome in many 
instances where cost is a factor. Long- 
lasting, easily controlled application. 


FOR CLEAR, BRIGHT AND IRIDESCENT 
COATINGS . . . imparts striking, attractive 
appearance with complete corrosion pro- 
tection, even when humidity and han- 
dling are encountered during processing. 
Also available are yellow iridescent and 
olive drab for concealed parts or as a 
paint bond. 


FOR DECORATIVE COLOR... on low-cost 
zinc. Brilliant golds, yellows, blues, reds 
greens, violets, brass and copper hues. 
FOR ALUMINUM... replaces expensive 
anodizing where surface hardness is not 
of prime importance. An excellent finish 
for paint bonding. 

FOR LASTING BRIGHTNESS . . . on both 
copper and brass without noxious fuming. 


FOR DIE-CASTINGS . .. one quick dip pro- 
vides uniform finish; superb as a base for 
painting. 


See for yourself whot Luster-On can do for you! 
Send us a sample part — now — for free process- 
ing. Dota sheets on request. 


Luster-On — first and still the 
finest in conversion coatings. 


emica 


Corporation 


63 Waltham Avenue « Springfield 9, Mass. 
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resistance values from 10 ohms to 22 

megohms in all standard EIA values. E A 4 © Ni 

Designed to meet MIL-R-1!) and RS- 

72. Hamilton-Hall, Inc., 227 No. Wa- 

——: TERMINALS 
Circle 565 on postcard at end of book - 

SHIELDED ISOLATION and Insulating Sleeves 

TRANSFORMERS 

Isolation transformers, hermetically For Quick 


sealed to MIL-T-27A, simulate battery 


operation. Available from stock at 50, Connect / Disconnect 
200 and 475 watts, transformer oper- Applications 


ates on 115 volts, 50-60 cps. Effective 


ane 
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Fy” Exclusive MALCO 


Design eliminates faulty 
connections... assures 
uniform crimping. 


capacity coupling between primary and 
secondary windings is less than 0.1 pf 
which can be substantially reduced by 
circuit design. United Transformer Specially contoured insulating 
Corp., 150 Varick St New York 13 


Circle 566 on postcard at end of book 
ISOLATION TRANSFORMER 


Output up to 25 watts is provided by 


(Continued on page 285 terminal) within the insulating 


sleeve accurately guides termi- 
nal into position on male tab. 


Entry of male tab (outside of 


sleeve is positively prevented. 
Malco Terminals are avail- 
able in chain form for rapid 
machine crimping to wire. In- 
sulating sleeves are 
also machine applied 
REQUEST 


BULLETIN 
NO. 603 


MANUFACTURING CO. 


4021 W. Loke St., Chicogo 24, II! 
| ROMA RSE EARN I A A SRST 
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PORTER-CABLE depends on 
USG ” BRUSHES for the efficient power 


and endurance of their quality tools... 


Porter-Cable home and shop portable power 
tools are quality built to the highest standards 
in the industry. Contractors and builders, 
home craftsmen and hobbyists have come to 
expect Porter-Cable power tools to give long 
years of dependable, trouble-free service. 


| 


Naturally, Porter-Cable specifies only the best 
components for their products, including 
USG Motor Brushes. 


Vital to power, efficiency and endurance of 
electrically powered units, JSG Motor 
Brushes are giving excellent, maintenance- 
free service in thousands of applications in 
fractional H.P. and industrial type motors, 
generators, crane and mill motors, marine 
and transport motors and dynamos. 


YTLANLT 


RAM 


a 


The United States Graphite Company manu- 
factures a complete line of motor and genera- 
tor brushes and contacts that include carbon, 
carbon-graphite, electro-graphitic, metal- 
graphite and silver graphite. 


of For complete information on USG brushes and contacts, 
write for Catalogs B-56 and the US grade lis?. 


8-280-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW , MICHIGAN 
GRAPHITAR® carson-crapnite © GRAMIX® powpER meTALLURGY © MEXICANS GRAPHITE aaa © USG® prusues 
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The Electrica 
that stays flexible in 


Polyken Polyethylene #822 won't 


get brittle in severe cold—withstands 


ageing, chemicals and abrasives 


Here’s one electrical tape that doesn’t care how cold it gets 
Polyken #822 stays flexible even in sub-zero temperatures. You 
don’t have to keep it in your shirt pocket. 

And with this polyethylene tape, you're sure of maximum Just one-step insulation. You don't have to fool 
insulation. A dielectric strength of over 10,000 volts. Plus a new with any rubber-splicing compound or friction tape 
high for tape in resistance to ageing, water, sunlight and abrasion. combinations. All you need is Polyken Tape #822. 

What’s more, chemicals, solvents, fungi, acids and alkalies have 
little effect on this miracle plastic. You get permanence, stability 


; ® 
and inertness. 
Why not investigate this new tape? Polyken representatives 


are among the industry’s best trained technicians in the use and 


application of electrical tapes. ELECTRICAL TAPES 


canoes Look in the phone book under ‘“Tapes"’, or if you like, write 


‘ Plas » Polyken a 8 oe ision 308 W sayy a. , a ago 6 T™.: KENDALL comrany 
» 4 anad¢ ‘ ‘ Ave., i 
ze = Jilinois In Canada, write Polyken urity ve oronto Poltyken Seles Division 
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POLYKEN DISTRIBUTORS 


ARKANSAS 


Little Rock Arkansas Paper Co 


Pine Biutt Smith Paper Product 


CALIFORNIA 


Emeryville Zellerbach Pape 


Freenc Zellerbach Paper 


s Co 


‘Cc 
Cc 


Hawthorne American Later Products Cort 


Highiand Richmond Pape 
Hollywood Reese Supply Co 
ageles Fillmore 4 G 
ngeles L A Supe 
ngetes Landsberg Cc 
ngeles Noland Paper Cc 


slass Prod 


son Pape 
Zellerbach Pape 
Zeilerbach Pape 
Marry P Robert 
Zelierbach Pape 
Buel. Tow 

re Stee! 4 Supt 

C. J. Her 

Hobe 

Western Fibrous Glass P 
Zetierbach Pag 


COLORADO 
Emble Tape 4 Lat 
Katrte Bros Pape 
‘ C 


CONNECTICUT 


FLORIDA 
Sperry Pacha 


GEORGIA 


Wrent4 5 
‘a 


“MLINnols 
At 


Ce 


KANSAS 
KENTUCKY 


LOUISIANA 
Ste-ens Ba 


siana Paper 


MARYLAND 


MASSACHUSETTS 
A 


ows Pac 


MINNESOTA 
Martin F. Falk Pape 
Martin F Falk Pape 


missouri 
Joplin Pape 
Bossert 
Wertaame Pape 
industria 
Royal Papers 


r€ 
ir 
arbar 
¥ Co 


ir 
Ine 
+Co 
¢ Ce 
Ce 
a ( 
«Co 


c 
€ 
Cc 


c 
¢ 


rC 


€ 
ideas 
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Rubber Products Corp 


MONTANA 


Winter HMardwar 


DECEMBER 1960 


e 


NEBRASKA 
Omaha Nogo Bros. Paper Co 


NEW JERSEY 
Clifton Raiph £. Baker Co 


Elizabeth Hand Hardware 


Englewood Coronet Paper Corp 
Hoboken D S. MacCorkle, inc 
Newark Abco Plastic 4 Supply Co 
Newark Herbert A. Post, inc 


Paterson Theodore R. Levine 4 Sons 
Ridgetieia George 1 Swater 


Trenton Pack 4 Seal, tr 


NEW MEXICO 
Albuquerque Equipment Sales 4 Mig. Co 


NEW YORK 
Astoria, L. 1 Herbert A. Post, ir 
Buttaio Hartlieid-Healy Supply Co 


Buftalo Presque isie Paper Products 


Cullen Union Paper 4 Twine Co 


Cohoes Shoemaker Paper Co 
Garder Hogan industrial Supply Corp 
Eimira Waight Supply Co 
ghts The Wellies Supply Co 
Jamaica Pa Supply Co 
Long island City Viking-Criterion Paper Corp 


t ra He 


New York Coy Disbrow, Ow. of PohimanCo.. t 
New York Geo. W. Millar 4 Co... inc 
New York Robert Spector C 
New Yort W estwe Paper Co .}! 
Rochester The Mil! Andrews Paper € 
Syracuse Allied Prod 
« 


Sperry Supply ¢ 


Smyth Despa 


NORTH CAROLINA 
Dillard Paper 
Dillard Paper 


Dillard Paper 


Onl1o 
The Chattield Paper C 
The Central Ohio Paper 
Gascon Paper 
Paper & Twine 
at; Cordage & Paper 
Reliatie Rubber Products C 
Federal Wholesale 
The Or 4 Micr an Paoer 


The Hearn Paner 


OKLAHOMA 
C. B. Anders 
Service Supply 
C 8B Anderson Electr 
fustrial Equipment 


Tulsa Paper Co 


OREGON 
Weste Fibrous Glass Pr 
General Rubber 4 Si 


PENNSYLVANIA 
Hershey Pape 
Morris Paper 


RHODE ISLAND 


Narragansett Pape 


SOUTH CAROLINA 


Dillard Paper 


TENNESSEE 
Dillard Pape 
ot ¢ tage & Pape 
Mayer Myers Paper ( 
Clements Paper 


TEXAS 


Ss 
Ss 
Su 
8 


Dillard Paper 
ery & Supply 
Henry Holland C 
fustrial Supply C 
Dillard Paper 


WASHINGTON 
Marinco Supply 
W este Fibrous Glass Pro 
Zellerbach Paper 


WISCONSIN 
Universal Paper 
Schwarr Paper 
FD. Haker 
Redi-Products Compar 
Reliable Paper Co 
Sawyer Paper 


HAWAII 


Chapson Bros 
The Thom C« 


INDUSTRIAL TAPES 


low-capacitance isolation transformer. 
Capacitance between secondary winding 
and all other elements is 15 pf. Leak- 
age resistance exceeds 100 kilomeg- 
ohms, breakdown voltage exceeds 4 
kilovolts. Separate electrostatic shields 
enclose the primary and secondary 
winding. Elcor, Inc., 1225 W. Broad 
St., Falls Church, Va. 

Circle 567 on postcard at end of boon 


AUDIO OUTPUT 
TRANSFORMER 


Model 16595 is a 3000-lb push-pull, 
oil-immersed transformer rated 26 kva 
and has a frequency response +0.5 db 
from 20 eps to 5 ke. For applications 
such as driving shake tables. Unit efh- 


ciency rating. 99.2 per cent; resonance 
oceurs at 28 ke. Secondary consists of 
four separate windings, each rated at 
67 volts rms at 97 amp. Peerless-Altec 
Lansing Corp 1515 S. Manchester 
Ave.. Anaheim. Cal 

Circle 568 on postcard at end of book 


RESONANT CIRCUIT 
\ 45-ke circuit, Model BF-128, has ap- 


plication in triggering and timing cir- 
cuits. Has a max 3-db bandwidth of 
1500 cps, source impedance of 3000 


ohms. Package dimensions are “%e x 
146 x 1 in. Component is hermetically 
sealed and potted. Other units from 
20 ke to 100 ke available. Control Elec- 
tronics Co., Inc., Filter Div., 10 Stepar 
Place, Huntington Sta., N.Y. 

Circle 569 on postcard at end of book 


TRANSISTOR AMPLIFIER 


Model 1800-4300 is a_ hermetically 
sealed, 25-watt plug-in unit. Operates 
a 60-cycle servo motor or equivalent 
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COST PREVENTION...NOT COST 
REDUCTION...IS THE EFFICIENT 
WAY TO LOW-COST ASSEMBLY 


5 , ae a aS " 


yaar ths any 
The “in-place” cost of a fastener is what really counts to cost-conscious 
design engineers. By deciding on inexpensive Milford tubular rivets as a 
fastening method and installing them with Milford automatic rivet-setting 
machines, design and production engineers are eliminating costs at the 
initial production stage rather than trying to reduce costs later at the 
assembly line. 


You can find out more about Milford’s cost-cutting ideas by asking your 
Milford Representative to show you Milford’s new Manuat of Mopern 
gS . Riveting Practice. It's crammed with valuable cost-cutting tips 


and technical data that can be quickly translated 

wy into dollars on your production line. 
MILFORD 

Coe 


MILFORD RIVET 
& MACHINE CO. 


MILFORD, CONNECTICUT @ NORWALK, CALIFORNIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ HATBORO, PA 
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load; requires driving power of less 


than two watts. Input impedance is 


750 ohms; power gain, 25 db. Input 
power requirement is 28 volts d-c at 
output, 35 volts rms. Te 

perature range ts 55 to a1 «(C: 
weight, 13 oz. M. Ten Bosch, In 


80 Wheeler Ave.. Pleasantville, N.Y 
Circle 570 on postcard at end of book 


15 amp 


PLUG-IN RELAY DRIVER 
Model T-130 solid-state 


switk hes a resistive load at frequene ies 


relay driver 


up to 1 ke at currents up to 1 amp, and 


voltages up to 28 volts. No derating of 


output current required over ope 
54 to 
Diode clamping is provided to protect 


rating 
temperature range ot 65 C 
against back surges. Unit measures * 
in. diam by 2™e-in. seated height, plugs 
into a standard 9-pin miniature tube 
socket Electronics Co.. 
1441 | Santa Ana, 
Calif. 


Circle 571 on postcard at end of book 


Engineered 
Chestnut Ave 


REJECTION FILTER 
Model CH Twin-T rejection filter fea 


tures a minimum attenuation of 50 db 
at null frequency. Filters provided for 
any frequency from 15 to 2,000 cps 


Housed in Mil-T-27AH case with four 
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We woRpak 


—A SIMPLER, FASTER, STATIC CONTROL! 


norpak is a significant advance in the field of static switching. 
Like other static systems, NORPak performs the functions of 
machine tool relays, stepping relays, latching relays and timers 
—all without contacts or motion of any kind. 

Like other static systems, NORPAK is ideal for applications 
where speed is important—where reliability and long life 

are essential— where conditions make 

conventional magnetic devices impractical. 


Sut unlike other static switching systems, 
nworpak otters these important advantages 


<— EASIEST TO APPLY 

The transistor NOR unit is the basis of 
All logic functions— AND, OR, 
NOT, MEMORY — can be accomplished with 

combinatione of this single NOR unit. 
worpak is not complicated — it’s easy to 
apply to conventional circuits. Units are 
color-coded for quick identification. Simple 
DC circuit eliminates worry about phase 

relationships. 


EXTRA DEPENDABILITY es UNMATCHED SPEED 


NOR units have been time-tested in 


computer use for years. They are 
not subject to wear, will give top 
performance indefinitely, and pro- 
vide unfailing cireuit fidelity. 


SIMPLE TO USE 

Optional monitor lights give visual 
evidence of proper performance 
Simple dynamic sequence tester 
checks individual NOR units in 
operation 


X 


EXPERT APPLICATION 
HELP 

Field specialists, factory-trained 
in all aspects of NORpPak can give 
you on-the-spot answers to any ap- 
plication questions. 


worpak provides switching at zates up 
to 25,000 per second — faster than any other 
industrial static system. 


SMALLEST COMMERCIAL 
PACKAGES 

worpak is available in the form of individ- 
ual components, orin completely engineered 
systems. Components are offered in 6 and 
20 paks, require only 1/4th the equivalent 
relay panel space, and weigh less than com- 
ponents of other static systems. 


worpak is available as individual 


components for application to specific 
control functions,or as completely engi- 
neered systems ranging from the small- 
est to the largest panels 


While for the complete story on NORPAk 
— its theory, application and operation... 
Squvere D Company, 4041 North Richards St., 
Milwaukee 12, Wisconsin 


(D] ...design leadership 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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with 


Dual Ranges 


to 10.000 


fm pere-Turns 


Ta Shas 


‘MODELS 


MODEL 


here’ 


Designed for production, research and instrument re- 
pair work, the Model 1500 will magnetize the new 
cobalt platinum and barium ferrite materials as well 
as all the Alnicos. It will saturate large switchboard 
meter assemblies and all panel type instruments and 
uses most existing adapters designed for the Model 
107A. Wire-wound fixtures are plugged into front 
panel through a safety interlock system providing 
maximum operator protection. Operates from 115- 
volt, 60 cps line. Size 11 x 20 x 15; weight 125 Ibs. 
Price $995. 


A basic condenser discharge unit for most medium 
size magnets, the Model 107A provides ranges of 
12,000 and 24,000 ampere-turns. It is capable of 
saturating most instrument magnets, including the 
new core type mechanisms, using adapters or 
wire-wound fixtures. Designed for continuous 
duty. Operates from 115-volt, 60-cycle line. 
Price $590. 


A high powered magnetizer (up to 200,000 
ampere-turns) capable of charging large Al- 
nico and ceramic magnets of various shapes or 
pole configurations. Adapters for multi-pole 
rotors, rod, bar, ring and other shapes are 
available. Designed for continuous produc- 
tion use. Size 30” x 33” x 38”; weight 235 Ibs. 
with 200-uf unit. Price of basic unit is less 
than $2100. 


Performance of all models is rigidly guoran- 
teed. Prices are net f.0.b. Boonton, N.J. ond 
subject to change without notice. 


Radio Frequency 
LABORATORIES, The 
Boonton, New jersey 


a 
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6-32 mounting studs. C.E.S. Electronic 
Products, 7460 Girard Ave., La Jolla, 
Calif. 

Circle 572 on postcard at end of book 


D-C POWER SUPPLIES 


Series SV-2A supplies offer outputs of 
6 to 28 volts at 2 amp. Ripple is 5 my 
peak-to-peak; line regulation is 5 mv; 


‘ AER 
E = 


load regulation is 30 my max. Response 
time is 50 psec, no load to full load 
Input is 105 to 125 volts and frequency 
range of 60 to 400 cps. Operates to 
temperature of -+-50 C. Dimensions are 
814 x 838, x 3 in. high. Elasco, Inc., 
5 Prescott St.. Roxbury 19. Mass 
Circle 573 on postcard at end of book 


SMALL D-C SUPPLY 


Epoxy-encapsulated, 15-cu-in., ll-oz d- 
power supply operates from 55 to 
+125 C, and meets MIL-E-5400. Out 
put power, to 75 watts; slightly larger 


units available to 300 watts. Input, 
output voltages designed to application 
requirements within maximum 300- 
watt output limitation. Regulation, to 
0.25 per cent; efficiency, to 98 per 
cent; maximum ripple, 0.2 per cent 
rms, lower if required. Rho Engineer- 
ing Co., 2242 Sepulveda Blvd., Los 
Angeles 64, Calif 

Circle 574 on postcard at end of book 


VOLTAGE REFERENCES 


Miniature reference modules are for 
circuit board, tube socket, and chassis 
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HAVE YOU TRIED EE, Ke 
THIS INSULATION? 


West Virginia's Pressite is the heavy-duty pressboard 


insulation that makes every transformer and capacitor 
more efficient 


A rOKle 


Moz 


* 


SOSA) | 


Pressite is made of 100% virgin kraft pulp from our 
own mill. Our complete product control from forest to 
mill assures consistent uniformity and absolute purity, 
with no metallic particles 


tine 
SST Re 
a SAWS 


| TV TRRR uae Pc 


TT 
oXKIDS 


For Punchings Electrite or Densite. \f your proj 
ect requires a hard board sized to resist moisture, 
specify Electrite. Even harder is Densite, sized for 
moisture or unsized for applications in oil. 


\O 
ta 


5 


IRS 


See How Our Pressboard Can Help You: 


For complete technical data on all three grades, plus 
Underwriters’ Laboratories Report E3987, write Board 
Products Sales, West Virginia Pulp and Paper Com- 
pany, Covington, Virginia 


1!) West Virginia 


Pulp and Paper 


Circle 275 on Inquiry Card 


Wide range of 
OPERATING TEMPERATURE COMPOUNDS 


New Low-Cost 


for major potting applications in the communications industry PLUG & RECEPTACLE 
© Stability at —70 C. 


@ Adhesion to ceramics, plastics, metal, glass. 
© Cold flow range from 185° F to 250° F. 
@ Technical consultation available. 


Send for GENERAL SPECIFICATIONS CHART 
Stock available for immediate delivery 
3442 Howard Street © Skokie, Iilinois 
Telephones: ORchard 3-1050 * AMbossador 2-3339 


CTP ee ate gyal) 


positive 
. A polarity 
Pe ali ©.1055-15 
Circle 276 on caguity Cord am " 


15 circuit fast-simple 


“GLASS. TIPPED” SET SCREWS | meow QO" 


! snap-lock 
GLASS—Hard, Dense. AT STOCK UNIT COST 


terminals 
Smooth, Concentric, Unique molding method permits — 
Hemispherical from 3 up to 60 circuit combina- pane! mounting 
; tions made to your needs. Plug or 
SCREW—Stainless Steel, receptacle accepts male and female terminals 
Slotted, Ground Threads, 


terminals. Minaturized— ss 
IN STOCK— Sizes 4, 6, 8 N.F. G NC. a 15 circuit unit is only to wires 
4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 | a wide and 1-1/16 eidtthiaie 
6-40 x 9/32, 3/8 G 1/2 Bias 


per connection 
8-32 x 5/16, 1/2 & 7/8 ! or 
HARTWOOD GLASS & METALS COMPANY ‘| MOLEX PRODUCTS COMPANY 


Execializing in Glass Coated Metals for Electrical Insulation 9515 Southview Avenue, Brookfield, Iilinois 
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mountings. Printed circuit and 9-pin 
tube socket types require 1 volt-amp 


a . . . at 28 volts d-c +20 per cent input. 
CCEA SCAU TA LM Chemie pe sequin 1 ok 
amp at 117 volts acc +20 per cent 


input. Output is 6.2 volts d-c nominal 


® 
with a load of 1 ma. Output voltage 
deviation is less than 0.005 per cent 
for a *20 per cent input variation 


Temperature stability, better than 
0.001 per cent per deg C. Dynage 


CORUM TREMOR MIB icu'she ty aml Gun 
; VOLTAGE REFERENCE 
Eliminate these costlier STANDARD 
parts and operations Series 230 voltage reference standards 


‘i SIMPLY PUSH ON nang er er er * 
sa . nwe sources o rrovide a egulatec 
plain rods, axles, studs or pins. NN : 


e Easy, fast assembly with wnaiabinen Threaded Ports 


manual tools or high speed ees) | 
air hammers. Cotter Pins : 


Drilling Holes 


ee 


/ 


= * A d- output Temper ature coef ient, = 
| 0.001 per cent per deg C from 25 to 
occ --75 C: regulation, +0.00] per cent 


e Tight, vibration-proof grip. Annuler Greeving 


ROUND FLAT TYPE for 10 per cent input changes. Out- 


WASHER CAP TYPE puts of 5.7, 8.5 and 10.5 volts d-c are 
Style PS. Low-cos paece-saving ivailable. Viking Industries, Inc., 21343 
Style PW. Covers 1 t 


tyte PW. Co | 4 ends wit! oe eta nm push on sage ve Roscoe Blvd.. Canoga Park, Calif 
ee ee eae ; Circle 576 on postcard at end of book 


piece, heavy gauge spring steci wit tion ol parts, se 


powertul gripping action inate notching 


Se ane ee ae cae SY. aa” Ge? and ta Ga ood PANEL-MOUNTED 


” and 2” dia. unthreaded rod, wire A-C VTVM 
and studs Style PV. | ty 
vetuines wisi A-C vacuum-tube voltmeter meets MII 


spring gripping teet! r-945A and MIL-E-5272. Two diam 
for easy 7 itl eters available: 314 in. and 44% in 
ne, a =a Meter movements sealed, designed to 
ana 
meet MIL-M-10304A. Model shown has 
a single scale ranging from 0-100 my 


(Continued or page 292) 


ARCHED 
Style PC Style PK RECTANGULAR TYPE 


ACORN TYPE Style PH. Push on y 


unthreaded studs to assure tight, v ,bra 
tion-prool assembly ol ornaments 
medallions, nameplates and other 
parts. Grip ght on hard chrome studs 
Sizes for 1%” ‘sg r, .” and 


lia. studs 


Write for Free Samples and Data, stating type, size and application. 
\ , THE PALNUT COMPANY 
\ ae DIVISION OF UNITED-CARR FASTENER CORPORATION 
- | | J 66 Glen Road, Mountainside, N. J 
Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 
LOCK NUTS and FASTENERS 
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4 202A FUNCTION GENERATOR—Down to 0.008 cps; 
transient-free! 

Uses: Electrical simulation of mechanical phenomena, vibratiori 
studies, servo research and testing, medical research, geophysical 
problems, subsonic and audio testing. 

Advantages: No switching transients, continuously variable 
0.008 to 1,200 cps range, 30 v output peak-to-peak constant, hum 
less than 0.05%, square, triangular or electronically synthesized 
sine waves, 1% stability, 0.2 db response, less than 1% distortion 
(sine waves) on all but x 100 range. 

Price: $525.00 (cabinet model), $510.00 (rack mount). 


euveeeeoeeeeoeeeeeeeeeeeeeeeeeeeeeeneeeeeeeeeeeeeeee 


4% 650A TEST OSCILLATOR—Fiat within 1 db, 10 cps 
to 10 MC! 


Uses: Testing TV amplifiers or wide-band systems, measuring 
filter transmission characteristics and tuned circuit response, 
determining receiver alignment, making telephone carrier and 
bridge measurements. 

Advantages: No zero set, no adjustments during operation, out- 
put voltage range 30 uv to 3 v, less than 1% distortion, 20 cps to 
100 KC; less than 2%,100 KC to 1 MC; approx. 5% at 10 MC. 
Hum less than 0.5%, output voltage attenuator, self-contained 
voltmeter, 2% to 3% stability. 

Price: $490.00 (cabinet model), $475.00 (rack mount). 


runvuse” ( PRECISION 
“OSCILLATORS 


4% precision oscillators perform a wide variety of audio, video, and low frequency tests. They 
offer the outstanding advantages of flexibility and broad usefulness at moderate cost. Employ- 
ing the 4 pioneered RC resistance capacity circuit, the units combine accuracy and reliability 
with ease of operation and minimum adjustment. 


3 te 205AG AUDIO SIGNAL GENERATOR-—Six instruments 
in one; 20 cps to 20 KC! 


Uses: Measure amplifier gain and network frequency response, 
measure broadcast transmitter audio and loudspeaker response, 
drive bridges, use in production testing or as precision source for 
voltages. Monitors oscillator output, measures output of device 
under test. 

Advantages: Self-contained instrument, no auxiliary equip- 
ment needed. 5 watts output, + 1 db response, less than 1% dis- 
tortion, hum more than 60 db down, no zero setting, output and 
input meters read v and dbm; four output impedances. 

Price: $500.00 (cabinet model), $485.00 (rack mount). 


4% 206A AUDIO SIGNAL GENERATOR—Less than 0.1% 
distortion; 20 cps to 20 KC! 

Uses: Convenient, precision audio voltage source; checks FM 
transmitter response, makes high quality, high fidelity amplifier 
tests, transmission measurements. 

Advantages: Continuously variable audio frequency voltage, 
(output 15 dbm) 0.2 db response, hum 75 db down, 2% frequency 
accuracy, less than 0.1% distortion. 111 db attenuator with 0.1 db 
steps. 

Price: $750.00 (cabinet model), $735.00 (rack mount). 

Data subject to change without notice. Prices f.o.b. factory. 


wide range 


pioneered the world-famous HEWLETT-PACKARD COMPANY 
resistance-capacity 1031M Page Mill Road Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 
oscillator circuit HEWLETT-PACKARD S.A. 
Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 6428 
Field representatives in all principal areas 
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available are 0-10 mv, 
0-300 mv, 0-1 volt, 
and 0-300 volt. Spe 
specifica- 


Standard scales 
1-30 my, 1-100 my, 
1-3 volt, 0-10 volt, 
scales to suit customer 


1 megohm; fre 


NOW THEY 
CALL ME quency range, 50 ke: overall 
| length, 4% 4.5 in.: weight, 1 Ib 6 oz. 


Power input requirements, 6.3 volts a-c 
or d-c at 0.6 amp and 150 volts d-c. 
; Reliability Controls, Inc., 225 E. 14 St., 
‘ i New York 5] 
Circle 577 on postcard at end of book 


MINIATURE D-C TO A-C 
INVERTER 


IM series low power 
encapsulated, her 


cial 
tions Input impedance, 
20 cps to 


inverter modules 
are transistorized, 


netically sealed units which convert 3 


I felt like a dying diode. Those aw- 
ful hot flashes .. . I felt so erratic 

. so unstable! Then suddenly I 
got a new lease on life when they 
put that cool McLean Blower in 
the rack. 


” 


28 volts d- output 


input to a 


ranging from 250 milliwatts to 2 watts 
Square-wave output easily rectified and 
filtered by full of bridge 


Temperature range 


half-wave 


higher temperatures on sper 

Transformer I lectronix a Co 
Park. Boulder, Colo 

Circle 578 on postcard at end of book 


TAUT-BAND-SUSPENSION 
INSTRUMENTS 


Extend the life of sensitive tubes, Model KX.-251 
transistors and other components struments. for 
with McLean packaged cooling and current, use both taut-band suspen 
units. Prevent system failure... sion and core magnets 
maintain calibration and accuracy. 

Find out how in McLean’s 1960 

catalog .. . 44 pages of helpful in- 

formation on cooling electronic 

equipment. McLean’s rack-mounted 

fans and blowers are smart, com- 

pact, easy-to-install and have a 

multitude of mounting possibilities. 

Over 100 models in various panel 

heights and CFM’s. Mil. Spec. equip- 

ment for packaged cooling also 

available. 


with 
order 


lustrial 


McLEAN RING FANS & BLOWERS 
Sturdy units for a variety of uses. 


100-deg indicating in- 


measuring d-c voltage 


Ammeter meas 


WRITE TODAY{ 
44 Page Packaged 
Cooling Catalog 


ures from 20 pamp to 50 amp and volt- 
meter measures 35 mv to 800 volts. In 
struments can be used in magnetic 
fields up to 500 gauss. Westinghouse 
Electric Corp., P. O. Box 2099, Pitts 
burgh 30, Pa. 

Circle 579 on postcard at end of book 


on page 294) 


ENGINEERING 


McLEAN LABORATORIES 


World Leader in Packaged Cooling 
Princeton, N. J. + WAlnut 4-4440 
TWX Princeton, New Jersey 636 


(Continued ¢ 
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SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your Dynacor 
when you want square-loop tape 
cores fo exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe 
rience and facilities—the know 
how to deliver parameters to 
your very tightest tolerance re 
quirements for switching time, 
flux, and noise 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain 
Oriented 50-50 Nickel iron, 4-79 
Molybdenum Permalloy, and 
Grain-Onriented 3° Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


specs to 


DYNACOR, INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC (0. 


1008 WESTMORE AVENUE + ROCKVILLE, MARYLAND 
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miniature DELCO POWER 
PRANSISTORNS 


es Fs 
2 new 60-volt, 2 new 80-volt 
ACTUAL SIZE 


NOW, FROM DELCO RADIO, A COMPLETE LINE OF SMALL, HIGH-POWER TRANSISTORS! 


These four new Delco transistors, plus the 2N1172 40-volt model, 

| Jansrze Jansets |2nset2 | ans6oo | ans610 offer highly reliable operation in a new range of applications where 
space and weight are restricting factors. 

Ves 40 60 60 80 80 

Designed primarily for driver applications, Delco's versatile new 

transistors are also excellent for amplifiers, voltage regulators, 

servo amplifiers, miniature power supplies, ultra-low frequency 


communications, citizens’ radio equipment and other uses where 
substantial power output in a small package (TO 37) is required. 


Vewo 


Special Features of Deico’s Four New Transistors: Two 
gain ranges. Can be used on systems up to 24 volts. Can be 
mounted with the leads up or down with the same low thermal 
resistance of 10° C W. Dissipation up to 2 watts at a mounting 
base temperature of 75°C. 


Available in volume production. Write for full engineering data. 


Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan . ; v 
1180 Raymond Bivd. 726 Santa Monica Bivd. 5750 West 5ist Street 57 Harper Avenue io DIO 


Mitchell 2-6165 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 PE LIABILITY 


Division of General Motors - Kokomo, Indiana 
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In modern rheostat circuits, it’s 


SERVICE CONTINUITY THAT COUNTS | 


Production stopped. Workers id] 
wages, maintenance costs, and f 
charges go merrily on accumulating. 
That’s the black picture when an in- 
dustrial control component—specifically 
a rheostat—fails. That’s why reliability 
is more important than initial cost. In 
many cases, these irrecoverable charges 
and costs can quickly far exceed the re- 
placement cost of the faulty components. 
And that’s why far-sighted designers 
are more and more specifying Ward 
Leonard VITROHM ring rheostats for 
control circuits where performances 
a must...in motor and generator field 
control circuits...for electronic tube 
filament circuits.. 
tial amounts of power must be handled 
with utmost rheostat reliability. 
Ward Leonard ring rheostats, in sizé 
of 25, 50,100, 150 and 300 watts, feature 
W/L’s exclusive “twin contact shoe” 
design. Two sintered, self-lubricating 
contact shoes minimize wear and assure 


.wherever substar 


uniform contact pressure, smooth oper- 


1, and maximum reliability. 
Special alloy resistance wire —made 
W/L’s closely monitored specifica- 
ons to assure highest stability and 
owest practical temperature coefficient 
is bonded permanently to ceramic core 
by Ward Leonard’s own VITROHM 
vitreous enamel, 
These are just a few of the reasons 
why VITROHM ring rheostats give you 
itstanding reliability in industrial 
control circuits. There are many mors 
quality-engineered features than we 
for instance, highest 
grade ceramic base and core, durably 
bonded tinned alloy terminals, and bal- 


can describe here 


anced beryllium copper contact arm 
You'll find them all in Bulletin 60RR 
(and for powers above 300 watts, check 
sulletin 60A). 
For your copy, and for a list of »tock- 


W/L plate rheostats in 


ing distributors, write: Ward Leonard 
Electric Co., 34 South St., Mcount 
Vernon, N.Y. (In Canada: Ward Leonard 
of Canada, Ltd., Toronto.) o8 


ELECTRONIC DISTRIBUTOR DIVISION 


WARD LEONARD 
ELECTRIC CO.“= 


RESISTORS «+ RHEOSTATS + RELAYS + CONTROLS 
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C-BAND BACKWARD-WAVE 
OSCILLATOR 


Frequency range of non-microphoni« 
Model TIS5CIC oscillator is 5.2 to 5.8 
kme at 1000 to 2100 volts; minimum 


output power, 100 my. Other militarized 
models with same design and construc 
from S through X band 
Norwalk 


tion available 
Tucor. Inc., 18 Marshall St 
Conn 

Circle 580 on postcard at end of book 


SOLID-STATE 
CRYSTAL OSCILLATORS 


Oscillators 


tions systems, airborne electronic equip 


designed for communica 


ment, and guided missiles contain 


silicon-transistor oscillator circuit in 1 

range, +2 x 10 

Other operating 
Klectroni« Le 


Svstems Div.., 


to 5 me frequency 
stability 
available 

Industrial 
Hughes Aircraft Co., International Air 
port Sta., Los Angeles 45 
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MAXIMUM-READING METER 


movement and special circuitry to show 


freque ney 
lrequencies 


vices Dept 


meter combines a meter-relay 


the highest level reached by an elec 
trical signal. Any variable that can be 
expressed as an electrical signal can be 
Meter is available in any of 

ranges of API 
meter-relays 0.10 


measured 
standard sensitivity 
panel meters and 
pamp to 0-50 amp, or 0-5 mv to 0-500 


volts, a-c or d-c. A-C ranges above 50 
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Read INSULATION RESISTANCE 


to FIVE MILLION 
MEGOHMS 


VIBROTEST® Megohnmmeters prov ide direct 
reading resistance measurements to five mil 
len megohms of electronic circuits, cable 
assemblies transmission lines 
erator, servos, components and insulating 

materials. Push-button operation makes poss: Model 250 VIBROTEST Meg 
ble high speed production testing Self-con ohmmeter with ranges to 

50,000 megohms. Complete 

$270 30 


motors, gen 


tained high voltage supply eliminates cranking 


and leveling. Write for complete manual 


HIGH VOLTAGE BREAKDOWN 
insulation Leakage Current 


HYPOT Test Sets provide direct reading of 
insulation leakage current in accord with mili 
tary and commercial test specihcations Mod 
els are available to supply a-c and d-c test 
potentials to 150 ky tnd tae Optional fea 
tures include automatic rate of voltage rise 
control, automatic test cycling and others to 


meet every test appl alhon 


r testing cables 


Model 424 HYPOT or ier OM . 
act neaicuiatn, 40 Write for Manual H-66 


tranelormet 
leakage OF 1 to } 
four scale ranges 
capacitors with 5 ma 
tained power eupy 


AssociaATeD RESEARCH 
4 a ae are APACS GL PLL? CL 


3794 W. Belmont Avenue e Chicago 18, Illinois 10-35.20 
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—FOLDING DOUBLE CUPPED WASHER LUGS— 


FOLOS OVER WERE TO CLOSE 
With or Without 


Insulation Grip— 
Smali or Large 
Standard, Extra 


NO TOOL S REQUIRED Flexible Strand- 


EASY TO APPLY «+ 
ing and Solid Wire 


ax6) 3 
0O=—= 


Write for Bulletin SOF PRT E Eytan 


104) EVANS STREET CINCINNATI 4 O10 
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Cols For Contact Capsules 


SINGLE + DOUBLE + TRIPLE 


For Cless 8 
Class F 
Class ¥ 

operation 


(Please specify) 


Coto-Cails 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. |}. 
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UNIMAX SWITCH 


CATALOGS 


tabi 


CATALOG 
10-1 
describes complete 
line of phenolic-cased 
precision switches, 
including the new, 
horsepower-rated 2HL 
series, the new, 
dual, low-cost DA 
series, and three new 
sealed series. 
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SUBMINIATURE 


CATALOG 
20-1 
describes 
subminiature 
switches, including high- 
temperature, sealed, and 
environment-free styles; 
shows 5 terminal styles, 
and a wide variety 
of multipie- 
switch /actuator 
combinations. 


Circle 289 on Inquiry Card 
METAL-CASED 


CATALOG 
30-1 

gives details of 
metai-cased limit 
switches, with a 
variety of actuators 
and housings. 
Shows new, 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 





Re 
Muy ocheimer'c | 


electro-mechanical : 


CARILLONIC BELL 


systems... 


SYNCHRON 
motors, 

the ‘‘heart”’ 
controlling 

the split-second 
timing of 
Schulmerich 
Carillonic 

Bells 


SCHULMERICH CARILLONS, INC., world’s largest 
manufacturer of electro-mechanical carillons, 
uses Hansen SYNCHRON Timing Motors to 
drive the program clock governing the all 
automatic operation of these precision, perfect- 
tone instruments. Clock programming is offered 
at 15-minute intervals, 24 hours a day, 7 days a 
week. Scheduled to play at specified times, ex 
actly to the minute — there is no allowance for 
plus or minus variation 


HANSEN SYNCHRON TIMING MOTORS were selected as an integral part of Schul- 
merich Carillonic Bells because they outperformed all other motors tested 
Carefully controlled testing was based on four specifications: (1) instantaneous 
Starting, (2) no time loss or gain, (3) absence of malfunction, and, (4) reliable, 
continuous operation for periods of a year or more. Depending on installation, 
motors operate at either 110 or 220 volts — 50 or 60 cycles 


SEND TODAY for informative folder containing specifications and technical data 
on all Hansen SYNCHRON motors and clock movements 


HANSEN REPRESENTATIVES 
THE FROMM COMPANY 
3), 5150 W. Madison, Chicago, Illinois 
r H. C. JOHNSON AGENCIES, INC 
Rochester. N. Y Buffalo, N. Y Syracuse, N. Y 
Binghomiton, N. Y Schenectady, N. Y 


ee ee eo, Be ELECTRIC MOTOR ENGINEERING, INC 


MANUFACTURING los Angeles, Calif (Olive 1-3220) 


klan liforni 
COMPANY, INC. eaerents: Calnpente 
oe . WINSLOW ELECTRIC CO 
PRINCE ML Ele Tr 


New York, N_Y Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn Clevelond, Ohio 
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amp can be supplied by using an addl- 
tional transformer. Assembly Products, 
Inc., Chesterland, Ohio. 
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COAXIAL STUB TUNERS 


Line of single, double and triple-stub 
tuners from 200 to 12,000 me in three 
overlapping bands matches a wide 
range of impedances. Locking caps 
provided to adjust sliding tension and 


lock desired settings. Tuners provided 
with one male and one female conne« 
tor in N, BNC, or HN series; con 
structed with beryllium copper con 
tacts; operate from —55 to +150 C 
Microlab, 570 W. Mt. Pleasant Ave., 
Livingston, N. J 
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DELAY LINES 


Employing subminiature inductors and 
temperature-compensating capacitors, 
these high density, lumped-constant de 
lay lines offer good stability in elec 


trical characteristics over a range of 
—55 to +105 C. Typical Model DL-130 
has a delay time of 2 psec, a rise time 
of 0.22 psec, impedance of 1000 ohms 
and insertion loss of 0.001 db max. 
Size is 3 in. long x 5 in. diam. Other 
units available with impedances rang 
ing from 100 to 2000 ohms, delays from 
0.1 to 2 wsec and attenuation or inser 
tion loss as low as 0.001 db. Allen 
Avionics, Inc., 255 E. 2nd St., Mineola, 
nN. ee 
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DELAY LINE 


Series 700 miniature variable delay net 
works are capable of being mounted on 
printed circuits. Time delays range 
from 0.125 to 1.50 psec. Pulse rise time 
varies from 0.03 to 0.30 psec max 
Pulse attenuation is 1.0 db max for all 


(Continued on page 299) 
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NI For Consistent 
Accuracy... 


ALLEN-BRADLEY 
TIME DELAY RELAYS 


For maximum production, high-speed automatic proc- 

esses demand that the required operations “‘start”’ and 

‘““stop’’ at the correct instant, time after time-—without 

variation. For consistent accuracy and trouble free 

operation, no timing relay on the market can equal the 

performance of A-B Bulletin 849 pneumatic timers. 

The delay period can be varied from 1/20 of a second 

to 3 minutes, and the setting will hold with an accu- 

racy of + 10%. Conversion from ON-DELAY to OFF- 

DELAY (or vice versa) is simple—no adjustment is 

necessary. Like all A-B control, these quality timers 

have maintenance free, double break, silver contacts. 

A few of the varieties of The two sets of contacts—one N.O. and one N.C.—are 
A-B pneumatic timers electrically independent, for greater control flexibility. 

- Also, auxiliary contacts can be easily added. 


To make certain of a completely satisfactory elec- 
| trical installation, specify Allen-Bradley ‘‘quality 
motor control’’—in addition to the Bulletin 849 pneu- 
q . nN 


matic timing relays. Write for details, today. 


Single operation Dual operation Compound operation 
time delay relay time delay relay time delay relay 


Allen-Bradley makes a broad line 
of timing relays to satisfy all 


automatic processes. BULLETIN 848 BULLETIN 852 BULLETIN 850 
Fluid Dashpot Electronic Motor Driven 
Timing Relay Timing Relay Process Timer 


[NAW NES:) 30 0) ae 


Control 
Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. + In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 





Quality Appearance 
Quality Operation 


Specify Allen-Bradley’s line of OILTIGHT CONTROL STATIONS 


ment. A-B control units are positively oiltight — 
impossible for oils and cutting fluids to foul the 
contacts. And the silver contacts assure reliable 
operation. The rugged construction and generous 
wiring room of all A-B stations are valued by the 
installation engineer. Insist on Allen-Bradley 

pilot control units and stations— you can’t make 
al a mistake! Send for Publication 6090. 


Allen-Bradley oiltight units and st.tions harmo- 
nize with the trim lines of modern me line tools 
—they look as if they were a part of the machine. 
Also, from the wide selection o itrol units, 
you'll be able to satisfy every operating require- 


NS 


SL) 


Locking Type 
“Start” Button 


ie % % 


FLUSH HEAD WING LEVER PUSH-TO-TEST 


Illuminated 
Push Buttons 
with optional 


guardring § 
iad i 


Standard 
Selector Switch 


Selector 
Push Button 


Mushroom Head 
“Stop” Button 


push button, also 
made with extended 
head. 


4-WAY SELECTOR 
SWITCH 
Also furnished for 
2-way operation. 


PILOT LIGHT 
CLUSTER 


Four lights of 
different colors 
in one unit. 


PUSH BUTTON 
Combines push 
button and selector 
Switch. 


PILOT LIGHT 
Transformer or 
full voltage types. 


SELECTOR 
SWITCH 
With coin slot 
operator. Other 
Operators available. 


SPECIAL CONTROL CONSOLES 


can be furnished to meet your 
exact operating requirements. 


PILOT LIGHT 


Six different color 
lenses availiable. 


DOUBLE CIRCUIT 


Has 2 N.O. of 2. N.C. 
sets of contacts. 


CONVENIENCE 
RECEPTACLE 
For plugging in 

work light or 
small tools. 


»\ 
SIX-UNIT CONTROL STATION 


in die cast aluminum housing. 
Also made with up to 4 verti- 
cal rows with 4 units per row. 


a} 


LLEN-BRADLEY 


Member of NEMA : 


QUALITY 
MOTOR 
ree) ba fo) 





units. Working voltage is 500 volts d-c 
max. ESC Electronics Corp., 534 Ber- 
yen Blvd., Palisades Park, N. J. 

Circle 585 on postcard at end of book 


DELAY LINE 


Model 192-1 magnetostrictive delay line 
offers delays from 20 to 2200 psec; de- 
lay adjustment range, +4 psec. De 
signed to meet MIL-STD-202A, the de- 
lay line measures 442 x 5"4e x “42 over- 


4 


ill. Pulse repetition rate, 1 mc; input 
pulse width, from 0.5 to 1.5 psec; 
signal-to-noise ratio, 10:1; min inser- 
tion loss, approximately 60 db; input, 
output impedances, 50 to 1500 ohms. 
Operating temperature range of her 
metically-sealed unit is from —55 to 
80 C, with temperature delay coefh 
cient of 2 ppm ‘deg C between 0 and 
50 C. Deltime Inc., 608 Fayette Ave.. 

Mamaroneck, N. ¥ 
Circle 586 on postcard at end of book 


SMALL MICROWAVE 
COMPONENTS 


FE yrsi line components allow up to 20 
to 'l size reduction in microwave plumb- 
ing. Typical broadband balanced mixer 
measures 544 x 345 x “te in. thick, 
weighs | lb. Available from 0.8 kim 


to 12.5 kme, units are hermetically 
sealed and encapsulated. Other re- 
duced size components include direc- 
tional couplers and  multi-terminal 
power dividers. Laboratory for Elec- 
tronics Inc., 1079 Commonwealth Ave., 


Boston 15. 


Circle 587 on postcard at end of book 
(Continued on page 300) 
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ADVANCED MOTOR DESIGNS 


that meet the demands of the most exacting requirements 


Nearly half a century of 
design and manufacturing 
experience in the small 
motor field enables G. |. 
to offer the most ad- 
vanced engineering fea- 
tures. This, together with 
top-notch production 
know-how and latest man- 
ufacturing facilities as- 
sure you quality, depend- 
ability and economy so 
necessary to the success 
of your products. 


MODEL-B FOUR POLE, FOUR- 
COIL SHADED POLE MOTOR 


Designed for long life and dynam- 
ically balanced for extremely 
quiet operation. Self aligning, 
self lubricating bronze bearings, 
baked, varnish-impregnated wind- 
ings, ample oil reservoir located 
for easy lubrication. Smooth, 
quiet — field proven! 

HP locked Max. Free” Amps 

MODEL 1500 Torque Torque § 
RPM in./on in./ox fon 


ee etn 


| RPM 
ea tte | ww | 173 
6-6-cw | 

je-e-ccw | | 50 aon 

|8-12-cew | 7 | | 1760 | 1.05 


adhensmscmmmeseammnioas 





aylenatiaiesin 
Above bose or on “fon application with air stream flowing over motor, 
without air flow _derateing necessary. 





Designs | to Meet the Needs of a Wide Range of Applications 


rrr 


Write today for catalog sheet and quantity-price quotations. 


ee ae 


DEPT. GL ELYRIA, OH!IO 
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12-POSITION ROTARY 


Many years of sound engineering SWITCH 
and field’ testing are built into the oi , Type JM rotary multipole switch pro 
advanced design of all Furnas eae | vides single-knob control of as many 
Electri My Reel Gece to provide ES F as' 75 poles per switch. Detent action 
Pty ae Lee MSO Lee TS By gives positive positioning at 30-deg in 
on the market today. “ 


Furnas Electric tandar 
design and exclusive 
between” starter sizes allow — 
wider application with fewer 
units. You are assured of su- 
perior performance and 


longer life. 


letin 14-81 — 1024 McKee 
Street, Batovia, 


* 
at 


ps - 


see Sales Representatives 
je ee. || Me etal -r- ttt oy 


BATAVIA, ILLINOIS 


tervals. Manufactured to MIL-S-21604 
the switch has an interrupting rating 
of 5 imp, 125 volts a-c at unity power 
factor. Unit is 2'*ye in. square, 2’ In 
deep for a one-section unit and 12%, 
in. deep for a 25-section unit Klectro 
Switch Corp. King Ave Weymouth 
Boston BR. Mass 

Circle $88 on postcard at end of book 


HEAVY-DUTY 
ROTARY SWITCH 


Sd 
Switches contain ip te four isolated 


- WAGNET ASSEMBLY double-break silver-allov contacts \. 


« 06 double-break contacts over 


e 


THERMAL OVERLOAD 
RELAYS 
Trip-free. Manual 


a 


ted components e resistant to hu 

midity, salt spray d fungus. Life is 

rated at 5 million operations. Units 

are standard at 20. 32. 40, 63, 100, and 

200 amp, 600 volts a- American So 

CONTACT BLOCK t ! o Line { S. Highway 22 
| nion N J 

Circle 589 on postcard at end of book 


CAM-OPERATED 
STEPPING SWITCH 


Type 200 switch is cam-operated 
single inpulse, requires no power to 


hold. Models with up to eight cams 


[eS 


CROSS ARM 
ASSEMBLY 
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ELECTRICAL INSULATING PAPER 


® Dielectric strength 300 volts Density: 1.30 135 
Thickness from 004 
16,000 100 


No sizing or fillers used 


per mile 


to .030” 


® Tensile strength 13 rag stock paper 


Ibs. / Sq. In 

Glazed roll” finish — others available. 

Can be combined with other materials. 
Available in rolls, sheets or coils. 


High Performance Electrical Insulators 


COPACO — Highest grade 100%, rag insulation paper 
COPAREX — Economical grade 100°, rag insulation paper 
COPALAM — Ciloss 8 asbestos — glass laminate insulation 


moterial 


Write for free somples, literature and nome of 


neorest Cottrell representative 


88 Purchase St. Fall River, Mass. 


Circle 295 on Inquiry Cord 


CLAMP WIRE BUNDLES IN SECONDS! 


Just place wire bundle inside “U} push keeper down snugly, and this 
light-weight clamp is securely locked to withstand loadings greater 
than 50 G's! A Cab-L-Tite* clamp securing 58,000 mils weighs only 
0.016 oz.: 8570,000 mils, 0.832 oz. Proved in aircraft and missiles, 
Cab-L-Tite* is made of tough DuPont zytel, which meets MIL-P- 
17091. Removable in seconds for rerouting wires. Write for free 
literature Manufacturer of Bund-L-Tite straps. 


DAKOTA ENGINEERING, INC, 


4315 Sepulveda Blvd., Culver City, California *Trade Mark 


Circle 296 on Inquiry Card 


| 
ae 
EVEL 


ic 
= 
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NEW Series FB enclosed 
Helical gear motor. High 
performance - low noise. 
Available with brake or 
clutch. 


every Gay.....--------...-- 
Brevel meets 
unusual 
specifications 


eeceeeeeeseeesseeseseesseseeseseeee® 
SeeeeSSSSSSSHESSHSHEHEHSHE SESH EHESHE HEHEHE EH EEE EE EEEEE OF 


for small motor 
applications 


Your new appliances get into 


production — and to market — 
lower cost when 
supplies your mo- 


Chances are we have a 


Series S 
Open Spur 
Gear Motors 


faster, at 
BREVEL 
tors. 


suitable design! 


You can BREVEL’s 
specialization to 
design, engineer, and volume- 
produce precision motors that 
give consistently superior serv- 
ice at low cost, 


rely on 
experienced 


Series W 

: Open Worm 
Our representatives cover ev- Gear Motor 
ery part of North America 
from local offices. Write, wire, 


phone now. . and find out. 


BRE 


BREVEL PRODUCTS CORP. 


manufacturers of small motors for the appliance industry 

627 West 26th Street, New York 1 @ WaAtkins 4-4737 

CHICAGO: Jerry Golten Co. © 2750 W. North Ave. © EVerglade 4-5959 

LOS ANGELES: Electric Moter Engineering, inc. + 8255 Beverly Bivd. + Olive 1-3220 
TORONTO: Breve! Products, Ltd. © 45 Crockford Bivd. © Scarboreveh, Ont. ¢ Plymouth 7-5140 
MEXICO CITY: Arturo A. Aguilar ¢iNdependencia 59-202 © Mexice 1, D. F. 


Shaded pole 
motor — use 
alone ofr as 
backbone for 
geared motor 


Circle 297 on Inquiry Card 





A high precision, 
efficient sub-miniature 
relay. Constructed 

to withstand severe 
vibration, heavy shock 
and temperature 
extremes. For 

control systems, 
missiles, computers, 
aircraft and similar 
applications requiring 
miniature size 

and dependable 


performance. 


ao 


— 


RELAYS + SOLENOIDS 


302 


TYPE SM-2 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-in Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 600 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 3 Amps. @ 28 V. D.C. Resistive (mox.). 
Maximum Operate Time (N.O. Contacts}: 4 Milliseconds. 
Maximum Release Time (N.C. Contacts}: 3 Milliseconds. 
Maximum Contact Bounce: | Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 
Minimum Insulation Resistance: 1000 Megohms. 
Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: — 65° to 125° C. 

Operating Shock: 50 *'G" for 11 Milliseconds. 

Vibration: 20 ''G"'—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .60 Oz. 

Meets MIL-R-25018 and MiL-R-5757C specifications. 


Send for Bulletin § M-2 


omar 
ectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 
e COILS + SWITCHES + HERMETIC SEALING 
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providing 30, 32, or 36-tooth ratchets, 
Operating speed to 60 steps per sec 
self-interrupted, 30 steps per sec re- 
mote-impulsed. All models withstand 
15 g shock, vibration 10 to 55 eps, 
0.03 in. double amplitude. C. P. Clare 
& Co. 3101 Pratt Blvd., Chicago 11. 


Circle 590 on postcard ef end of book 


MINIATURE RELAY 


Series “A” relay is suitable for printed 
circuit mounting. Contacts rated at 2 
amp resistive at 28 volts d-c. Unit 


operates over temperature range of 
65 to +125 C. Withstands vibration 
of 55 to 3000 cps at 30 g, shock 150 g, 
11 millisee. Measures 0.800 x 0.460 x 
1.000 in. Filtors, Inc., Port Washing- 

ton, N.Y 
Circle 591 on postcard at end of book 
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MINIATURE 
TUBULAR RELAY 


Series 124 relay uses 85 mw coil power 
to activate contacts rated at 2 amp, 


weighs 2/3 oz. Measuring 15/32 in 


diam x 1'4 in. long, relay is available 
with 1 NO, 1 NC contact arrangement 
Switching rate, 100 cps; drop-out volt- 
age is 75 per cent of pull-in; sensi- 
tivity, as low as 25 mw. Military version 
meets MIL-R-5757 and MIL-R-25018. 
Wheelock Signals, Inc., Long Branch, 
N. J. 

Circle 592 on postcard at end of book 


COATED WIRE CLOTH 


TFE-fluorocarbon-coated grades of in- 
dustrial wire cloth are available in a 
range of mesh sizes. Coating can be 
applied evenly over entire surface of 
cloth and will not interfere with mesh 
openings in mesh sizes as fine as 180/ in. 
Cambridge Wire Cloth Co., Cambridge, 
Md. 

Circle 593 on postcard at end of book 
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Now—EASTERN’S Flying freighters offer 


OVERNIGHT . 


DELIVERY 


New York—Miami—San Juan 
New York—Atlanta—New Orleans—Mobile—Houston 
Chicago— Atlanta—Miami—San Juan 


@ Reserved space on every Freighter flight. 

@ Pressurized and temperature-controlled. 

@ Flights daily except Saturday and Sunday nights. 
@ Pickup and delivery service available. 


In addition, Eastern offers freight space on over 400 daily passenger 
flights — including DC 8-B Jets and Prop-Jet Electras—to 128 cities 
in the United States, Canada, Bermuda, Puerto Rico and Mexico. 


For Information and Freight Reservations, call your 
Freight Forwarder, Cargo Agent or Eastern Air Lines. 


EASTERN/AIR LINES 
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DOES FEEDBACK 
figure in your future? 


Here is your chance to catch up with the latest 
mathematical techniques for analyzing servo- 
mechanisms and closed-loop systems 


For convenient home study and on-the-job 
reference, you'll want a personal reprint copy 
of Ira Ritow’s authoritative 6-article series on 


Here's sure protection al 
against flashback 


-on switches, circuit-breakers, controls, etc. 


Sauereisen Insa-Lute Adhesive Cement No.1 pro 
vides a ceramic-itke coating that insulates electric- 
ity and withstands thermal shock Easily applied 


by brust } Of spraying. Hundreds f other uses 


L onver $4.40 


Gation Can 


SPECIAL TRIA 


ior making tests under y 
t Data Sheets 


Sauereisen Cements Co., Pittsburgh 15, Pa. 
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AUTOMATIC CONTROL -SAUEREISEN pony No. 1 


SYSTEM DESIGN 


This 64-page article series—originally featured 
in ELECTRICAL MANUFACTURING—has been ac 
claimed as an outstanding contribution to the un- 
derstanding of advanced servomechanism design. 
It is a comprehensive treatment that will serve 
design engineers in dealing with the ever-increas- 
ing demands for automatic control in the opera- 
tion of machines, autopilots, communications 
systems, process control, appliances. Includes a 
supplement chart showing the seven basic control- 
system element classifications and their various 
common representations, including transfer func- 
tions, equivalent analog computer circuits, Bode 
and Nyquist diagrams, etc. 


See page 218 for handy order form, 


DECEMBER 1960 


ELECTRICAL ENGINEER 
PRODUCT DEVELOPMENT 


e Due to expanding markets and sales, The Stanley 
Works, a pioneer and leading producer of power 
door operators, has an outstanding opportunity for 

@ BSEE with 3-5 years of product design experience. 


The man we seek should have had experience with motor 
type selection, sensing devices and circuitry design. A know!l- 
edge of magnetic amplifier, vacuum tube, and transistor 
applications would also be desirable. The position offers an 
excellent starting salary, fringe benefits, a variety of engineer- 
ing challenges, and room to grow financially and professionally. 


Send resume, in confidence, to: G. H. Snow 
Supervisor—Special Employment 


THE STANLEY WORKS 
195 Lake Street New Britain, Connecticut 





mMorRE POWER 
matte (43 


morE TORQUE 
PER POUND 


LOWER COST 


PER LB.-IN. 
OF TORQUE 


*MOUNTINGS TO FIT EVERY NEED 


ee ee ea FI Pr 


WRITE TODAY! 


Our design engineers 

will be pleased 

to help you solve 

your application problems. 


MERKLE—KORFF 


MERKLE-KORFF 
GEAR CO. 


pie Dept. 211 
a A 211 Nerth Morgan Street 


Chicago 7, Illinois 
GEARED MOTORS MOaree 6.1988 
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Laboratory and 
Engineering Equipment 


TRANSDUCER CALIBRATION 
AND CONDITIONING SYSTEM 


Model 1028 calibration system excites 
calibrates and normalizes the output 
of most transducers. System pertorms 
seven functions: wide-band d-c ampli 
fication with 70-ke bandwidth; isolated 
d-c amplification with 10 megohms in 


<a 


put-to-output isolation, precision de 


modulation; frequency-to-d-c conver 
sion with 0.5 per cent linearity over 
100 to 1000 « ps: excitation power sup 
ply with 0.02 per cent accuracy; five 
step calibration with 0.03 per cent 
accuracy: transducer matching such as 
bridge balance or therm iple offset 
Each system consists f standard 
printed-circuit cards to be interchanged 
for matching various transduce 
Epsco-West, 240 | 

Rd., Anaheim, Calif 


Circle 594 on postcard at end of book 


acteristics 


INCREMENT-EXPANDING 
MULTIMETER 


Incremental Multimeter 

increments of any of its range 
expanded about any point in the range 
and displayed on an external servo re 
corder [ nit consists of a Simpson 


multimeter to which are 


suppressor power supply 


tenuator Range. identical to the basic 


Simpson meter and its attachment 


consists of over 50 different values 


of current, voltage, resistance. audio 


power, temperature ind = transistor 


characteristics Typie il accuraci 


identical to basic meter, are 1.5 
cent d-c awd 2 per cent a+ \ S-my 
external recorder 


Se rsitivily permits 


expansions to ] per cent ol full-s« ale 
Lnit's attenuator 

adjusted to 
! 


any value from 1 to 100 per cent. In 


value of the range 


enables expansion to be 


put may be either single ended or, if 
external millivoltmeter ce “ign allows 
t. differential. Unit measures 18 x 4°. 
x 76 in. deep and weighs approxi 
lhe velop 
ment Co., In 1873 Eastern Parkway 


Brooklyn 5 \ \ 
Circle 595 on postcard at 


TRANSISTOR GAIN 
TEST SET 
Model 1818 


1OO-me gain. of 


mately 7 Il lensor Eleetri 


dire | 
transistors 
grounded-emittet cor 


i gain-bandwidtl 


Measurements o 


es 
ina 

volts 
1OO-m« 


widtl 


Ci cle 596 


BRUSHLESS FREQUENCY 
CONVERTER 


Ueles ow-slip single-phase 1 

built ilo cast-aluminum hell 
erter supplies WOO eps tror i 
inet | ree phase love wire 

volt 2.0) ‘ itp requires 

ternal 


1] 
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Magnetic Materials from General Electric 


Loe 
SCC 
rl ol baled 
ace: 
| | Atel NU Lo] sT: 
ard 
ke 
Be 


lal 


General Electric D.G. Magnets 
‘can put you in the bonus area 


MAGNETIC INDUCTION 


MAGNETIC POTENTIAL 


Here’s how to move into the bonus area of high perform- 
ance and savings as well. 
G-E Directional Grain process for manufacturing Alnico 
5 magnets gives you the bonus area of available energy for 
your loudspeaker applications. The advantages are im- 
portant. G-E speaker magnets give external energy prod- 
ucts of 0.5 to 0.75 (BH) m x 10° greater than regular 
Alnico 5. In addition, residual induction is improved and 
increased efficiency means cost reductions in the magnetic Conventional Magnet Alnico 5 D.G. Magnet 
circuit return path. Schematic representation of the effect of control- 
Send for specifications on the superiority of G-E Alnico 5 ling crystal orientation on magnetic structure. 
D.G., and information on the complete line of permanent 
magnets. Write: Magnetic Materials Section, General Elec- 
tric Company, 7804 N. Neff Street, Edmore, Michigan. 
, General Electric D.G. crystal 
controlled magnet produced 


by controlling heat flow from 
casting. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOYe CEMENTED CARBIDES © MAN-MADE DIAMONDS ¢ MAGNETIC 
MATERIALS © THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 


Conventional Alnico magnet 
with random crystal structure. 
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NEW LOW PRICES! 


ON CHARACTRON *suareo BEAM TUBES 


Economies made possible by increased production now per- 
mit drastic price reductions on aimost all types of CHARACTRON 
Shaped Beam Tubes. These unusual cathode ray tubes have 
the spot writing capabilities of conventional tubes and also 
have a unique capability for high speed display of exception- 
ally clear characters. Some typical CHARACTRON Shaped Beam 
Tubes are shown below. Write today for complete list of tubes 
and new low prices: Stromberg-Carlson-San Diego, Depart- 
ment A-72, P O. Box 2449, San Diego 12, California. 


C19R 19-INCH 


Used for situation display applications. Features 
the highest character quality. Type G3049 is 
similar to the C19R, but uses fewer external 
components for faster setup, easier maintenance 


€21Q 21-INCH 


Used for situation display applications. Character 
size may be dynamically changed by varying a 
single tube voltage. This same voltage also 
produces a focused spot for spot writing. 


C7F11 7-INCH 


For data recording. Capable 0: aisplaying more 
than 10,000 characters within a 414 inch square 
on its screen. Adjustable character size. Low volt- 
age Type C7D11 also available 


C5G 5-INCH 


For data recording. Designed for minimum size 
and ease of operation, this tube requires only 
one external component and is only 15” long. 


STROMBERG -CARLSON -SAN DIEGO 
aovision of GENERAL DYNAMICS CORPORATION 
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ratings available from Georator Corp 
Manassas, Va 
Circle 597 on postcard at end of book 


A-C CURRENT RECORDER 


Recorder 18 adapted tor use with 


transducers in a-c current ranges from 
5 to 600 amp Reads and records cur- 


rent directly onto moving chart, with 


variable chart-speed range from 1 to 


Portable 
rated accuracy 
Yo. in. wide x 5% In 
in. deep. Rust Industrial 

130 Silver St., Manchester, N.H 
Circle 598 on postcard at end of book 


PHOTOELECTRIC 
TACHOMETER 
provides  spe¢ 


Portable rmometer 
i 


measurements of both rotating and re 


ciprocating machinery, utilizes photo 
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THE WIDEST RANGE OF 
CAM. TIMERS 


TIME CYCLES 


2/3 Seconds to 72 Hours in 600 steps 


N@& you'll find the cam timer 
you need in Industrial Timer’s unequalled selection 
of standard single-cycle and recycling timers in single and multi- 
switch types (up to 50 switches). Every model gives you 50 different 
overall time cycles, ranging from its lowest cycle up to 9 times that 
cycle. And standard cam construction lets you adjust ON and OFF 
periods from 2% to 98% of the total time cycle. Here is unsurpassed 
flexibility in cam timer selection and function. 


1G you don’t find the timer you 
want in this unmatched range (a highly unlikely possi- 
bility), Industrial Timer’s unique Timer Kit will help pro- 
vide the exact timer you need at low cost. With this 
kit you can design your own prototype, and since the 
kit components are standard in our line we can reproduce 
your prototype—in quantity—at no extra cost. 
For fast delivery on a standard or special Cam Timer check first 
with Industrial Timer. For more information ask for Bulletin 200 Syn- 
chronous Motor Driven Cam Timers, Bulletin 20] Multi-Cam Timer Kit, Bulletin 
202 Multi-Cam Switching Devices. 
Industrial Timer’s complete line of timers also includes: 
Time Delay Timers, Interval Timers, Running Time 
Meters, and Programmers. Bulletins describing these are 
available on request. 
AFFILIATE—LINE ELECTRIC COMPANY 


INDUSTRIAL TIMER CORPORATION 


1411 McCARTER HIGHWAY, NEWARK 4,.N. J 
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" electric cell that responds to small 

. changes in illumination. Built-in light 
Pi source provides operation in poorly il 

luminated or interfering light areas 


Models cover speeds to 400.000 rpm 


N Y L © he q a Simonds-Worden-White Co., L101 Neg 


ley Place, Dayton 7, Ohio 


B Oo B Ey i we Ss Circle 599 on postcard at end of book 


@ Strength in thin sections virtually ® ADJUSTABLE WIRE STRIPPER 


eliminates breakage of coil forms . 

during coil winding operation. Squeeze-grip Stripper SW-1 is 
High Dielectric Strength = equipped with cam-action, calibrated 
Resistance to heat and deformation : PS be dial 
Toughness F 
Light Weight 

Lasting Resilience 

Easier Handling 


which can be thumb-adjusted to 


. +.» These properties in Cosmo Nylon 

Bobbins will end your search for a 

new way to simplify design and 

reduce your coil production costs. 

The new and modern pliant is equipped 

with manufacturing facilities and 

engineering know-how to accurately . 

produce nylon bobbins that will meet a strip from No. 12 to No. 26 AWG with 
your most exacting requirements. a full range from 0.0 in. to 0.080 i 
Send in ‘your specs or write for data Will not nick wire. Pistol construc 


brochure and samples. tion, 7 oz. weight, adjustable stop 


Kelsev-Haynes Co 


SALES DIVISION OFFICES bic on Forge and Tool Division 
Arizona, California, Colorado, Connecticut, illinois, Massachusetts, Michigan, , 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada tie N.Y 
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HIGH-VOLTAGE A-C SUPPLY 


Lh signed tor test applic athor init fea 


rotection wero start 


Pra Teh TAS UL ees oe 
& MECHANICAL &; 


Pie th cable Rating > Ka input 
clamp in tep cps single phase 


volts a at 

39 x 61 in. high. Other sizes available 
to 50 kva and 100 kv. Light Electri 
Corp 12 1 wkawanna Ave Ne wark } 
N.J 
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REPEAT CYCLE TIMER 


Electronic timer has independent time 
rate controls for ON and orr cycle 
Switch provides hold in either relay 
position. Control relay has 15-amp 
DPDT contacts with 1500-volt a in 


sulation. Maximum and minimum time 
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SPECIFY ARNOLD 

IRON POWDER CORES... 
COMPLETE RANGE OF SIZES AND SHAPES 
FOR YOUR DESIGNS 


Arnold offers you the widest range of 
shapes and sizes of iron powder cores 
on the market. 

In addition to toroids, bobbin cores 
and cup cores—typical groups of which 
are illustrated below—Arnold also pro- 
duces plain, sleeve and hollow cores, 
threaded cores and insert cores, etc., to 
suit your designs. Many standard sizes 
are carried in warehouse stock for 
prompt shipment, from prototype lots 
to production quantities. Facilities for 
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special cores are available to order. 
The net result is extra advantage and 
assurance for you. No matter what 
shapes or sizes of iron powder cores 
your designs require, you can get them 
from a single source of supply—with 
undivided responsibility and a single 
standard of known quality. And 


Arnold's superior facilities for manufac- 


ture and test assure you of dependably 
uniform cores, not only in magnetic 
properties but also in high mechanical 
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strength and dimensional accuracy. 

@ For more information on Arnold iron 
powder cores, write for a copy of our 
new 36-page Bulletin PC-109A. The 
Arnold Engineering Company, Main 
Office and Plant, Marengo, Illinois. 


ADDRESS DEPT. EM-12 


% ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPA! 


CITIES © Find them FAST in the YELLOW PAGES .. 





ae 


FAST DELIVERY... 
on a Wide Range 
of Special and 
Standard 

Timing Controls 


Now, choose the right timer for any 
control requirement from Zenith’s 
versatile line. Save time and avoid 
delay. Get prompt engineering and 
delivery on specials . immediate 
delivery on standard controls. 


DEPENDABLE — Take advantage of 
Zenith’s experience in engineering 
and manufacturing quality con- 
trols and timing devices for over 
35 years. 


Program Clocks 

Time Switches 

Interval Timers 

Time Delay Timers 

Automatic Reset Timers 

Multi-Circuit Cycle Timers 
© Percentage Timers 

impulse Timers 


Our catalog 18-B also includes 


® Avtomatic transfer switches engi- 
neered to assure continuity of power 


® Magnetic contactors ruggedly de- 
signed for reliable power switching 


Write for your copy 
of Catalog 18-B 
today. See 
classified telephone 
direciory * 
your feeclory 
represeniwi ve, 


rates for either ON or OFF cycle are 
approx. 3 min to 30 millisec. Techni 
tron Co., 7088 Osbun Rd., San Bernar 
dino, Calif 
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VOLTMETER 


Designated Model 810 Meter, instru 
ment fteatures range , 10 to 10 
te 


amp. Resistance range is 10 ohms 


10 megohms. A-C voltages can be meas 


ured from 1 mv to 1 kv over 20-cps 
to l-me range; d- 1 mv to 1 ky 
Input impedance is 10 megohms 
power requirement is 117 volts a- 
50 to 60 cps. Packaged for rack or 
cabinet mounting, weighs 18 lb. Smith 
Florence, Inc., 4228 23rd Ave. West 
Seattle 99, Wash 
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MULTI-RANGE DIGITAL VOM 


Model 61 Digimeter is a battery-pow 
ered instrument for precision measure 
ment of resistance and d-c voltage 
The portable VOM is constructed with 
dual-purpose handle/stand and uses 
potentiometer circuit for voltage meas 
urement, Wheatstone bridge for resist 


ance measurements 


162 WEST WALTON STREET + CHICAGO 10,ILLINO!IS 
Telephone: Michigan 2-3322 + Cable Zenelec 
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ANNEALED TIN. 
PLATED BRAGS SLEEVE 


NYLON SLEEVE 


AVIKRIMP* solderiess terminals 
. the ultimate in high-performance design 


Permanently attached brass sleeve 

adds extra barrel strength and 
HUMP permanently anchors the wire in- 
SHOWS END sulation to the terminal for full 
protection against stress and vi- 
bration. Extending beyond the brass 
sleeve is a permanently attached 
NYLON sleeve—no other insulation 
needed. All tongue types. Color- 
coded for wire range. Write today 
for samples, prices. 


OF BARREL 
TO GuioE 


YOUR Crime 


ETC INCORPORATED 


990 East 67th Street, Cleveland 3, Ohio 
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“Trade Mark 


AUTOMATION and QUALITY CONTROL 
insures the best in 


DANO COIL ENCAPSULATION 


Also send us your specifications for cuotation on: 


BOBBIN COILS © PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COILS @© FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 


93 Main Street « Winsted, Conn. 


Circle 311 on Inquiry Card 


4. 


Whenever you need PTET! Wnt Clee 


. | check Alliance first. Alliancevis the “giant” in miniature 
motors . . . offering a wide choice of steck and custom 
models, faster service, more for your money, Used in leading 
makes of appliances, phonographs, business machines, 
animated displays and other products. Pictured are three 
of the basic Alliance models with typical specifications 
a Me ir UM CM ur MC lm me aie ee 

Starting 

ce 
Ed od./in. Pad | Lid Su 
Te ee A 2500 17 oz. 
Si yes) Oe) 25.5 12-14%, R302 
TE 1.75 0.57 29 oe ee 


Write for complete catalog and price quotations 


| THE ALLIANCE MANUFACTURING CO. 
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Ranges, 0-0.1000, 0-1000 volts; a 
curacy, +0.2 per cent; readout, 3 dig 
its. F. W. Bell, Inc., 1356 Norton Ave., 
Columbus 12, Ohio. 
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DIGITAL VOLTMETER 


NLS 484 industrial digital voltmeter 
has printer connection and automatic 
print control, Accuracy, 20.01 per 
cent. Operates Hewlett-Packard 561 di- 
gital data printer without modifica 
tion. Stepping switches and decade re 


sistors mounted on plug-in: epoxy 
boards. D-C voltage measurement from 
+0.001 to +999.9 volts; addition of 
d-c preamplifier extends range to 
+99.99/999.9 mv full scale. With a-« 
All Borthig insulating varnishes have met the be d-c converter, unit measures a-c voltages 
requirements of both laboratory and field : from 0.001 to 999.9 volts in ranges of 
9.999/ 99.99 999.9 volts, 30 eps to 10 
ke. The 514 x 1544 x 19-in. wide volt 


BORTHIG K-3833, One varnish suitable for Class A, meter fits standard racks. Non-Linear 


B and F applications. A new polyester modified ee ~ — rons ate + beet 
insulating varnish. Motorette test shows more than — = ree ee 


30,000-hour life expectancy for Class F temperature operation PHASE-ANGLE VOLTMETER 
Approved for type M, grade CB, MIL-V-1137A 
5 Model VM-230, solid-state meter, func 


BORTHIG K-252, years of field experience have established tions as a-c voltmeter, phase meter 
the reliability of this Class B modern type, heat-reactive baking phase-sensitive null indicator and pow 
varnish. Motorette test shows 30,000-hour life expectancy er-factor meter. Models provide 12 
Approved for type M, grade CB, MIL-V-1137A. ranges of voltage measurement, cov 

ering 1 mv to 300 volts full scale 


Where dependability is a must, nothing takes the 
of on-the-job testing under the most severe cond 


THIG K-3829 EPOXY BAKING VARNISH 
is a thermo-setting varnish which requires no activator and cures 
entirely by heat induced polymerization. Laboratory tests 
and field experiences show K-3829 to have higher values for wet 
and dry dielectric plus excellent bonding strength 
and corrosion resistance at higher temperatures | up to 165” € 
It is recommended to meet the toughest conditions 
of operations. Mororette testing shows 30,000 hour-life 
at Class F temperatures (155° C). 


Also look to Borthig for the latest in EPOX Y RESIN 
COMPOUNDS for the incapsulation of 


electric motors, transformers and electronic units. ASSOCIATE 
MEMBER 


Our laboratory will be pleased to cooperate yeupep 
in any of your insulating problems. "EMA. 


Accuracy as  phase-angle voltmeter 
I £ 


GEORGE C. BORTHIG CO., INC. rated at +3 per cent of full scale 


SUBSIDIARY OF STANDARD TOCH INDUSTRIES, INC. Null sensitivity is 2 volts, harmoni 
rejection greater than 55 db. Unit is 
81% in. high, 7 in. wide. North Atlantic 
Industries, Inc., Terminal Drive, Plain 
view, N.Y. 
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Improve your list of suppliers with 


Conover-Mast Purchasing Directory 


With a good industrial directory you can be certain your company 

is buying from the best suppliers. By checking CMPD you eliminate 
the chance of overlooking important sources of supply. 

CONOVER-MAST PURCHASING DIRECTORY offers great reliability. The 
addition of telephone numbers makes CMPD the most up-to-date buying 
directory published. Telephone numbers give you a convenience 

found in no other general industrial directory. 

Because CMPD lists only products used by industry, you 

find the sources you want quickly and easily. 


Conover-Mast 
* 
Purchasing Directory 
205 East 42nd Street « MUrray Hill 9-3250 « New York 17, N. Y. 
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PRODUCT INDEX for this issue 


Components, parts and materials described in this issue's editorial and advertising pages. 
Key: page number only indicates advertisement; letter “e” with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Capacitors—S8, 236, 265e, 266e, 317 
Contact devices 
Brushes and brush holders—276, 283 
Commutators—82, 210, 276 
Contacts and contact points—217 
Control systems—94e, 138e, 202e, 234e, 278 


Electron tubes 


Cathode ray—276e, 306 
Receiving—234e, 274e, 276 
Regulator—83 
Storage—274e 


Fans and blowers—292 
Filters—285e, 286e 
Fittings, conduit—243 
Heating elements—234e 
Inductors—92 
Lights, indicator—232, 260e, 262e, 298 
Magnetic amplifiers—234e, 256e 
Magnetic components 
Bobbins and core boxes—226e, 308 
Coils and windings—19, 295 
Cores—91, 223, 292, 309 
Permanent magnets—228e, 244, 305 
Meters, panel—213, 262, 290e, 292e, 294e 
Microwave devices—232e, 294e, 296e, 299e 
Oscillators—232e, 294e 
Potentiometers—43, 276e, 278e 
Printed circuits—250e 
Protective devices 


Circuit breokers—63, 84, 269 
Fuses—237 


Relays 


General purpose—201, 232 
Industrial—211, 232, 266 
Miniature—203, 302, 302e 

Special—60, 238e, 245, 252, 262, 275 
Telephone—246 

Time delay—206e, 228, 233, 236e, 297 


Resistors—224, 233, 234e, 276e, 278e, 280¢e, 
82e, 


Seals and terminals, hermetic—37 


Semiconductor devices 
Photocells—258e 


Rectifiers and diodes—inside front cover, 
49, 234e, 259, 268, 271 
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Thermistors—58 

Thermoelectric devices—258e 

Transistors—52, 116e, 234e, 241, 255, 293 
Servo components—226e, 280 
Solenoids—227, 230 
Static switching elements—90, 286e, 287 
Switches 

Controllers and contactors—29, 41, 233, 

300 

Limit—80, 295 

Pushbutton—76, 236e, 298 

Rotary—236e, 300¢ 

Slide—65 

Stepping—300e 

Thermal—Back cover 

Toggle—76, 2362, 295 
Timers—48, 297, 307, 310, 318 
Transducers 

Acceleration—270e 

Thermostats—216, 236e 

Pressure—268e, 270¢ 
Transformers—45, 75, 238c, 254, 282e, 285e 
Voltage regulators—200e 
Wire and cable—209 

Cooxial—4, 209, 221 

Hookup—209 

Magnet—35, 209, 222e, 229, 270 
Wiring devices 

Cable clamps and clips—301 


Connectors—inside back cover, 4, 26, 30, 
82, 238e, 250e, 252e, 253e, 254e 260¢ 

Cord sets—67, 247, 256, 266e 

Plugs and jocks—254e, 256e, 289, 308 

Terminals—226, 231, 238, 281, 282, 295, 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings—1!, 24, 56, 224, 279 
Brokes—204e 
Clutches—204e, 206e 
Differentials—228e 
Fasteners 
Quick-operating—235, 290 
Rivets—-286 
Screws—22B8e, 289 
Geors—234 
Housings and enclosures—316 
Mounting hardware—228e 
Nameplates—212, 230e 
Springs—228e 
Timers—232 
Washers—205, 246e 
Wire cloth—302 


COMPUTERS AND 
COMPUTING COMPONENTS 


Tape tronsports—57 


DRAFTING MATERIALS AND 
EQUIPMENT 


Copy machines—26! 
Graph papers—69 


DRIVES 


Electrical—13le, 200e, 202e, 225 
Mechanical 
Constent speed—228¢ 
Variable speed—226e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplitiers—232e, 234e, 281, 285¢ 

Calculators—274 

Generators, electronic—291 

Meters—230e, 281, 290e, 295, 304e, 
312e 

Oscilloscopes—21, 72, 230e, 267 

Power supplies—197, 234, 234e, 288, 
292e, 308e 

Recorders—72, 89, 230¢, 264, 306c 


Shock and vibration—238e 


Special test 
304e, 308¢ 


Standards—220, 232, 288c, 290¢ 


Tachometers—306« 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductive materiols—239, 246, 251 
Insulation and dielectrics 


Casting resins—3\, 47, 66, 73, 85, 
224e, 244e, 246e, 248, 289 

Ceramics and glass—257 

Elastomers—54, 73, 77, 2420, 248¢ 

Fabricoted parts—(see: Services) 

Fabrics—31 

Fiber—39, 42, 242e, 263 

Films—2, 73, 157e, 222e, 224e, 244e 

Fluids—15 

Laminates—25, 27, 31, 36, 42, 64, 82, 
242e 

Mico--31, 82, 207, 226¢ 

Molding compounds—27, 42, 47, 61, 85, 
226e, 248¢ 

Paper-—8, 16, 31, 301 

Pressboard—289 

Tape—8, 31, 39, 53, 73, 222e, 242e, 250, 
285 


equipment—230e, 232e, 
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Tubing—8, 17, 73, 222¢e, 238 
Varnishes—31, 66, 222¢, 312 
Wedges, slot—2, 39, 242e 
Magnetic materials 
Alloys—260, 277 
Electrical steel-—50, 59 
Plating solutions—217 
Silicones—55, 222¢ 
Solder and flux—315 
Wire and cable—(see Components, Elec 


trical / Electronic 


MATERIALS, 
MECHANICAL STRUCTURAL 


Adhesives, cements, woxes—257, 303 
Fabricated parts—(see: Services) 
Metal forms 

Rod—265 

Tope—265 


Metals : 
Alloys, generol—33, 228e, 277 
Aluminum--18 

Non-metallic materials 
Lubriconts—108e 

Protective coatings 
Chemicol—236, 282 


MOTORS AND GENERATORS 

Fractional-hp motors—13, 51, 71, 78, 79, 249 
299, 311 

Gearmotors—301, 304 


Integral-hp motors—-13, 51, 71, 79, 87, 265e 
273 


Precision—46 
Special—206e, 230, 249, 253, 262e, 265e¢, 30! 


Synchronous motors—296 


PRODUCTION EQUIPMENT, 
TOOLS 

Gos purifiers—216 

Lacing tape—222e, 248 

Loyout fluid—281 


Processing equipment—68 
Wire strippers—308e 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 
Ceramics ports—226, 228, 248 

Coil winding—311 

Metal fabrication—23, 213, 228e 

Other tabrication—2, 32, 36, 37 

Plastics fabrication—23, 244e, 246e, 250 


SERVICES, MISCELLANEOUS 


Employment—256, 303 
Purchasing directory—313 
Transportation—303 
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KESTER SOLDER 


The highest standards of manu- by industry on KESTER soLpER. This 
facture and use of virgin metals acceptance has been carefully built 
exclusively have contributed to the up over the last 60 years. It’s a 
virtually single-minded insistence responsibility we don’t take lightly. 
WRITE today for complete 78-page Kester technical manual 
“SOLDER .. . Its Fundamentals and Usage.” 


KESTER SOLDER COMPANY 


4209 Wrightwood Ave., Chicoge 39, Ill. + Mewark 5, MN. J. © Angheim, Colif. + Brantiord, Ont., Conode 
UVER GU YEARS’ EXPERIENCE IN SOLDER AND FLUX MANUFACTURING 
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WORTH HAVING 


—a Permanent Binder 
for your Reprint Copies 
of ‘Science & Engineering” 


See Order Form 
on page 218 





For liquid-tight wiring enclosures 
built to JIC and Nema standards... 


It pays to figure on 


KEYSTONE 


Keystone offers a complete line of JIC 
and Nema enclosures to give positive, 
sealed protection against dust, dirt, 
oil, water and coolants! All types and 
sizes of liquid-tight wireways, fit- 
tings, troughs, boxes and cabinets— 
to meet your exact needs. 


KEYSTONE 
MANUFACTURING CO. 


Division of 


Avis INDUSTRIAL CORP. 
23334 Sherwood Ave. . Warren, Mich. 
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For information om any of the products or services advertised in this issue, use the convenient 
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JOHNSON TYPE “U” 
AU ed isd aos 


Designed for use in extremely com- 
pact equipment, this tiny Type “U” 
air variable capacitor requires less 
than 0.2 square inch of space for 
panel or chassis mounting! Rotor 
and stator are precision-machined 
from one piece of solid brass for out- 
standing mechanical stability and 
uniformity. High “Q’’, high torque- 
to-mass ratio, low temperature 
coefficient — provides absolute 
freedom from moisture entrapment 
found in trimmer capacitors of the 
enclosed or solid dielectric type. All 
metal parts silver-plated-—ceramic 
is steatite Grade L-4 or better. 
Breakdown ratings: 850 volts DC 
on .010" plate spacing; 1300 volts 
DC on .016”" spacing. Available in 
special types and variations in 
production quantities. For detailed 
specifications, write your —. of 
our newest components cata 


NO SPECIAL TOOLS REQUIRED FOR INSTALLATION 
—Simply bend LocTabs into position. Double pierced, 


wide terminals facilitate wire or printed circuit use. 


7 te 
Ru 


Now Catalog | 


Write today for our newest 
electronic components 
catalog — complete 
specifications, enginer;ing 
prints and current prices on: 


© Capacitors * Tube sockets ¢ Connectors ¢ Pilot 
lights * Insulators ¢ Knobs, Dials * Inductors « 
Hardwore 


E.F. JOHNSON CO. 


X / 1811 2nd Ave. S.W. « Waseca, Minn. 
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... 17'S HIDING BEHIND THE 
ASPIRIN. Actually, we set out 
to build an easy-to-read tiny 
timer... but we first had to 
build an aspirin-sized motor to 
drive it. This assignment might 
have been a headache for a 
sorcerer, but A. W. Haydon 
did it. And there is something 
magical about these micro- 
miniature elapsed time indi- 
cators and companion 
events counters. & This digi- 
tal elapsed time indicator has 
many outstanding features: 
size is only Y2” square x 1k,” 
long...weight .75 ounce... 


meets all mil specs... temp. 
range -54 to +125°C...vi- 
bration to 2000 cps at 20G... 
choice of two ranges (hours 
to 9999, tenths to 999.9)... 
power input .5 watt, max. In 
fact, the complete data out- 
weighs the equipment. Send 
for our heavyweight literature 
on the 19200 ETI right now. 
@ Electrical or electronic, 
the A. W. Haydon Company 
works wonders in time. For 
electronic requirements call 
Culver City. For electro- 
mechanical devices call 
on our wizards in Waterbury. 


AYDON 


COMPANY 


234 WORTH ELM STREET, WATERBURY 20, CONNECTICUT 
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Reader Inquiry Service 


ONE Reader Inquiry Service post card—king 
size for legibility—will bring you additional in- 
formation regarding anything published in this 
issue. That goes for both advertising and editorial 
pages. 

Each editorial item and advertisement has been 
assigned a key number. Corresponding numbers 
appear in the respective grouping of the Reader 
Inquiry Service postcard below. 

Simply circle the numbers that apply to specific 
items in which you are interested. Your informa- 
tion requests will be forwarded promptly—within 
48 hours of receipt of card. To expedite, please 


e@ Advertised Products 


Want more information on products advertised? 
Circle number indicated for each advertisement. 


@ Reprints of Editorial Features 


Article reprints available without charge are listed 
on page 214, For Science & Engineering reprints, 
See Order Form on page 218. 


@ New ilerature 
Latest cataleg and bulletin offerings starting on 
page 222. 


print or type your name and address. 
@ New Components and Materials 
Cards will be processed by Publisher Reviews of developments starting 
if received by February 1, 1961. 242. eo a 
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Miniature rectangular 
HYFEN is available in 14, 
20, 26, 34, 42, 50, 75, 
and 104 contact sizes. All 
contacts are size 20 
(.040” dia. pin) and a 
range accommodates wire 
sizes #18 thru #26. 
Individual contacts 
snap-lock in and out 

of connectors. 


' Crimped connections 
comply with require- 
ments of MIL-T-7928. 
ALSO AVAILABLE: Center 
jack screw connector 
accommodating both 
miniature HYFEN coax 
contacts and standard 
contacts. Completely 
interchangeable, 
HYFEN can mate with 
existing solder types. 


eet ed 
SNAP-LOCKED 
Le BS 


For further details write OMATON DIVISION 


NORWALK, CONNECT. e@ 8!/CC-—BURNDY Ltd. Prescot, Lancs., England « In Continental Europe: Antwerp, Belgium @ TORONTO, CANADA 
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Our Suggestion Box 


Electro-Technology 


is always Open... 


Always gratifying are those communications from 
readers that offer s tions for improving our 
publishing services. Many of these s tions in 
the senses hoe redounded to the benefit of both 
reader and publisher. (One that might be singled 
out is the very useful annotated contents index — 
“In This Issue” — which appears regularly on 
pages i “ ‘ ; 

Amoi e suggestions that pop up from time 
to cea tiens is one which, quite frankly, we feel 
compelled to “table.” 

This has to do with the suggestion — made by 
many readers — that all feature articles be per- 
forated for easy removal. Particularly recom- 
mended for such treatment are the “yellow pages” 
of the Science & Engineering series. 

No great problem, mechanically. But from a 
practical publishing a the proposal runs 
counter to a practice we have long sought to en- 
courage — namely, the inter- and intra-depart- 
ment routing of copies. To perforate editorial 
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pages obviously would invite the removal of such 
content lon fore the routing was completed, 
thus short-changing the “pass-along” reader. 

A solution to this problem has been provided, 
we believe, through the monthly editorial reprint 
service. Selected articles — those judged to be of 
permanent reference value — are promptly re- 
printed and made available to all our readers, 
“free for the asking.” Also available, at a nominal 
service charge, are reprints of all articles in the 
Science & Engineering series. 

It is gratifying to note the ever-widening circle 
of readers who request editorial reprints; also the 
increasing number who regularly order copies of 
the S & fk series, either for home study use, for 
company training programs, or for their own ref- 
erence files. 

Are you making full use of the Reader Inquiry 
Service Card? We invite you to do so — and also 


to keep those suggestions coming. We sincerely 
welcome them. 


FIRST CLASS 
PERMIT NO. 16734 
NEW YORK, N. Y. 
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When precise temperature control is mandatory 


° "+e ae 


are a must 


In missiles, avionics, astrionics, or any electron 
application requiring the closest temperature con 
trol, check into Stemco Type MX Thermostats 
first. They’re compact for minimum cubage area oh 
in weight...withstand high G loads... are absolutely 


reliable under wide ambient temperature swings 


Basic design flexibility of Stemco Type MX 
Thermostats means they can be supplied from 
regular production runs in a wide variety of models. 
Semi-enclosed types with metal bases; hermetically 
sealed types in round enclosures or crystal cans ; ‘ 









Wide selection of terminal arrangements, mounting : — 
provisions, brackets, etc., available. Units individ 
ually packaged in polyethylene with inspectors’ 
readings of disc opening and closing temperatures. 

Stemco Type MX Thermostats give you precision 
performance small cubage rugged reliability 


at'a reaiistic cost 


2--to 6 F differentials available 
1 to 4 F differentials on special order 
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STEVENS manufacturing company, inc. 
P.O. Box 1007, Mansfield, Ohio THERMOSTATS 
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